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ABSTRACT 
 
 
Achieving long-term stability after orthodontic treatment is a major challenge for 
orthodontists.  The previous literature shows that relapse occurs at a considerable 
magnitude.  The purpose of the present study was to determine the amount and type of 
long-term, posttreatment relapse that occurs in a homogeneous group of patients treated 
by a single experienced orthodontist in a private practice setting.  Dental casts from a 
sample of 30 Class II division 1 Caucasian females treated without extractions were 
evaluated at pretreatment (mean age = 13.1 years), posttreatment (mean age = 15.9 years) 
and recall (mean age = 28.3 years) to determine the nature and extent of long-term 
posttreatment changes.  All of the subjects were treated in the private practice of a single, 
experienced practitioner in Southaven, MS. The dental casts were examined to 
investigate changes in overbite, overjet, midline deviation, buccal segment relationships, 
canine relationships, incisor irregularity, arch chord lengths, curve of spee, arch depths 
and arch widths that occurred at an average of 12 years posttreatment.  Overjet increased 
slightly after treatment, but the mean overjet at recall examination was within acceptable 
limits.  Overbite deepened after treatment.  About 1/3 (37%) of the treatment correction 
in overbite was lost during the posttreatment interval.  A relapse of only 37% in the 
present sample was more favorable than the relapse percentages reported in previous 
studies.  Maxillary Incisor Irregularity was relatively stable (10% relapse), but 67% of 
treatment correction in lower incisor irregularity was lost during the recall interval.  Little 
et al. (1981) suggested that less than 30% of cases maintain satisfactory mandibular 
alignment with an Irregularity Index of less than 3.5 mm at 10 years posttreatment.  The 
present study found that 13 out of the 30 cases evaluated (43%) had Incisor Irregularity 
of less than 3.5 mm at the recall examination.  Maxillary arch chords (1-3 and 1-6) were 
stable while mandibular 1-3 chord was unstable.  Nearly all of the treatment increase in 
mandibular 1-3 chord was lost during the posttreatment interval.  Curve of Spee 
correction during treatment was stable over the long-term with less than 10% of the 
correction deepening over time.  Although increased during treatment, maxillary arch 
widths were stable over the long-term.  The mandibular arch widths were less stable.  
50% of mandibular intercanine expansion during treatment was lost over the long-term.  
This was a similar finding to previous studies.  Buccal segment relationship and canine 
relationship improved from class II toward class I during treatment and did not show 
relapse toward class II over the long-term.  In fact, the subjects continued to grow 
favorably toward a more class I relationship over the long-term.   
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CHAPTER 1.    INTRODUCTION 
 
 
Once orthodontic treatment is completed and orthodontic appliances are removed, 
the teeth have a tendency to return towards their original position (Joondeph 2000).  This 
movement of teeth to unfavorable positions after orthodontic treatment completion is 
referred to as orthodontic “relapse” (Reitan 1967).  In contrast, orthodontic stability is 
achieved when teeth remain relatively stable in their treated positions.  Achieving long-
term stability of an orthodontic treatment result has been a significant challenge to 
orthodontists.  Hellman (1940: 843) stated that, “We are in almost complete ignorance of 
the specific factors causing relapses and failures.”  Since then, extensive research has 
been conducted on the factors contributing to long-term stability and relapse, but the 
topic is still not well understood and remains a significant concern for today’s 
orthodontists.    In order to inhibit the tendency for relapse, teeth can be held or retained 
in the treated position over a period of time.  “The proposed basis for holding the teeth in 
their treated position is to:  allow for periodontal and gingival reorganization; to 
minimize changes from growth; to permit neuromuscular adaptation to the corrected 
tooth position; and to maintain unstable tooth positions, if such positioning is required for 
reasons of compromise or esthetics” (Blake and Bibby 1998: 299).  It has been suggested 
that using fixed or removable appliances to achieve occlusal stability for the patient’s 
lifetime is the only way to ensure continued satisfactory alignment after treatment 
completion (Little et al. 1988).  However, others contend that a better understanding of 
the factors contributing to long-term stability can eliminate the need for lifetime 
retention.   
 
A great deal of research concerning long-term stability and relapse has been 
published over the past several decades (Little, Riedel and Årtun 1988; Little, Riedel and 
Stein 1990; Little, Wallen and Riedel 1981; Paquette et al. 1992; Årtun et al. 1996; 
Vaden et al. 1997).  However, the majority of the research stems from graduate 
orthodontic programs rather than private practice settings.  The graduate orthodontic 
program at the University of Washington has been a prominent contributor to research on 
long-term orthodontic stability.  Among the literature from the University of Washington, 
Little (1981) found that only 30% of cases maintain “satisfactory mandibular anterior 
alignment” when evaluated a minimum of 10 years posttreatment after having first 
premolar extraction and standard edgewise treatment.  At the University of Chicago, 
Sadowsky and Sakols (1982) found that 72% of 96 subjects who were evaluated for long-
term stability “had at least one variable outside [their] ideal range in long term follow-
up.”   
 
While many studies dealing with the long-term stability of orthodontic results 
have been conducted in teaching institutions, the topic has not been studied much in the 
private-practice setting, even though that is where the bulk of the population receives 
treatment.  It is arguable that patients treated by an experienced orthodontist in a private 
practice will experience more favorable results than those treated by graduate students in 
a teaching facility.  Therefore, the purpose of the present study was to conduct a dental 
cast analysis to determine the amount and type of long-term, posttreatment relapse that 
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occurs in patients treated by a single experienced orthodontist in a private practice 
setting.   
 
The focus of this study was on a homogeneous group of American white females 
who presented with a Class II malocclusion and were treated without extraction.  Cases 
were obtained from one office and were treated with straightwire mechanics using a 
0.022” X 0.028” bracket slot and MBT™ prescription.   
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CHAPTER 2.    REVIEW OF THE LITERATURE 
 
 
Review of Factors Influencing Stability and Relapse 
 
The literature describes many factors that can influence relapse after orthodontic 
treatment has been completed.  Horowitz and Hixon (1969) explained that many of the 
posttreatment changes that occur once appliances are removed can be attributed to the 
normal physiologic maturation process that is seen in both treated and untreated 
individuals.  According to Horowitz and Hixon (1969: 1), “it is important to recognize 
relapse as distinct from two biologic entities:  (1) physiologic recovery and (2) the normal 
dentitional changes that occur throughout the growth period and into adult life.”  Because 
the teeth are in a state of “continuous modification” it is difficult to determine whether 
certain posttreatment changes are a result of the orthodontic treatment or the normal 
maturational process.  Normal physiological changes that are beyond the orthodontist’s 
control can contribute to the unwanted posttreatment changes seen after appliance 
removal.  Horowitz and Hixon argue that the term “recovery” more adequately describes 
the physiological process rather than the term “relapse.”  They suggest reserving the term 
relapse to describe “improper treatment, inadequate mechanics, or poor patient 
cooperation.”  Valithan and Hans (2003: 615) agreed with the idea that relapse should be 
defined as being distinct from normal physiologic maturation:  “minor changes generally 
occur as a result of physiologic maturational changes… Major unacceptable changes 
following orthodontic treatment are ‘true’ relapse.”  When evaluating long-term  occlusal 
changes, it is important to consider factors contributing to the physiological “recovery” as 
well as those contributing to “relapse.”  Many such factors have been proposed in the 
literature.  Boese (1980) explains that much of the relapse seen in the long-term recall 
period occurs in the recrowding of the lower incisors.  The factors influencing this type of 
relapse as named by Boese are: “musculature, apical base considerations, occlusion, 
intercanine width, displaced connective tissue, muscle habits, third molars, incisor shape, 
direction of mandibular growth, eruptive patterns, and tooth-size discrepancies” (Boese 
1980: 169).  Seven factors identified as playing an important role in posttreatment 
stability and relapse are discussed in the following sections: 
 
 
Arch Form and Arch Width 
 
Riedel (1960) first published a set of “theorems” that summarize the common 
beliefs in the orthodontic literature regarding relapse and stability.  Joondeph and Riedel 
updated and again summarized these “theorems” in 1994, and the theorems were 
republished by Joondeph in 2000.  One of the theorems states that “arch form, 
particularly the mandibular arch, cannot be permanently altered by appliance therapy.”  
The idea of maintaining a patient’s arch form to achieve long-term stability has been 
thoroughly discussed in the orthodontic literature.   
 
Lundström (1925) introduced the idea that the teeth are limited by a skeletal 
component which he called the apical base.  He suggested that the limit of the apical base 
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was an important consideration when treating the malocclusion.  Lundström explained 
that while tooth movement can alter the shape of the apical base, expansion of the teeth 
did not necessarily result in growth of the apical bases and if the crowns of teeth were 
tipped beyond the limit of the apical base, posttreatment collapse was likely.   
 
McCauley (1944) suggested that mandibular intercanine and intermolar widths of 
the original malocclusion should be maintained in order to enhance treatment stability.  
McCauley explained that the teeth should not be expanded to fit an “ideal” archform, 
because an archform that is ideal for every patient does not exist.  Rather, he suggested 
respecting the intermolar and intercanine widths as the lateral limit of the lower arch and 
building the maxillary arch around the mandibular framework.  McCauley claimed that, 
“the cuspid has played a vital role in retention and, and it has consistently proved to be 
very intolerant of any failure to make provision for its principal demands” (1944:204).   
McCauley contended that the pre-existing intercanine width of the mandibular arch was a 
stable dimension, and expansion of this dimension would likely result in posttreatment 
relapse because of muscular pressures on the dentition.   Strang (1949) agreed with 
McCauley that the original intercanine width represented an individual’s neuromuscular 
balance and therefore dictated the limit to which a denture should be expanded.   
 
Little, Riedel and Årtun (1988) evaluated 31 cases that had been treated with 4 
first-premolar extractions, and examined 10 years and 20 years after treatment ended.  
Cases were treated at the University of Washington, Seattle.  They found that over the 
long term recall period, the cases showed a decrease in arch length and arch width and 
increased crowding in spite of treatment maintenance of initial intercanine width, 
treatment expansion or arch constriction.  The findings of Little, Riedel and Stein (1990) 
agreed with those of Little, Riedel and Årtun (1988) in terms of decreased arch length 
and arch width over the long term recall period.  Little, Riedel and Stein evaluated the 
records of 26 patients in the mixed dentition from 6 to 23 years after treatment.  These 
cases were also treated at the University of Washington.  These cases had received arch 
width expansion to treat an initial arch length deficiency.  Treatment modalities included 
active lingual arches, lip bumpers and removable appliances.   At the end of active 
treatment all patients showed an increase in arch length of at least 1 mm.  At the long-
term recall examination, all cases had an arch length that was shorter than that at the end 
of treatment.  Decreased mandibular arch length, constricted mandibular arch width and 
increased incisor crowding was reported.  The mandibular intercanine width was 
significantly reduced in 23 of the 26 patients at the long-term posttreatment examination.  
Little, Riedel and Stein (1990) concluded that enlargement of the mandibular arch length 
in the mixed dentition phase to accommodate arch length deficiency may yield the 
poorest stability compared to other methods of treatment.   
 
Kahl-Nieke, Fischbach and Schwarze (1996) found a positive correlation between 
the degree of arch expansion during treatment and the degree of arch width relapse 
posttreatment.  They evaluated 226 cases at an average of 15.7 years after treatment.  
They found that arch expansion of 4 mm or more in the intermolar width and 2.5 mm or 
more in the intercanine width were correlated to greater long-term posttreatment relapse 
of the arch width.   
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De La Cruz (1995) showed that, although there was considerable individual 
variability, arch form tended to return toward its pretreatment shape.  He evaluated 
records of 87 patients (45 patients with Class I and 42 patients with Class II, division 1 
malocclusions), treated with first premolar extractions.  The cases were treated at the 
University of Washington’s graduate orthodontic clinic.  Dental casts were collected at 
the start of treatment, the end of active treatment, and a minimum of 10 years 
posttreatment.  Computer-generated arch forms were used to assess the changes in arch 
shape over time.  The intermolar width, intercanine width, arch length, and irregularity 
index were measured on each dental cast.   
 
Statistically significant (P < 0.05) differences were seen in intercanine width, 
intermolar width, arch length, and irregularity index from the end of treatment to the 
posttreatment examination.  The posttreatment examination showed:  decreased 
intercanine width, decreased intermolar width, decreased arch length, and increased 
irregularity index.  Statistically significant changes in arch shape occurred in both the 
Class I and Class II cases during treatment.  During treatment the arch form became more 
rounded.  However, the tendency on the long-term recall period was for the arch shape to 
return toward the pretreatment shape.  Although the individual variation was 
considerable, De La Cruz sugessted that the greater the treatment change, the greater the 
tendency for posttreatment change.  It was concluded that the patient’s pretreatment arch 
form appeared to be the best guide to future arch form stability.   
 
In 2009, Robert Little gave an interview in the Journal of Clinical Orthodontics to 
summarize the findings from his several, extensive, long-term follow-up studies 
conducted at University of Washington.  Little (2009) focused on the lessons learned 
from these studies and provided clinical tips for practicing orthodontists.  Many of these 
lessons referred to the idea of maintaining the original arch form.  One lesson, for 
example, was to “expand the mandibular arch at your own risk” (2009: 645).  Little 
(2009: 645) explained that posttreatment reduction in mandibular arch width and length 
seem to be the norm and, “expanding these same dimensions during treatment seems to 
exaggerate the relapse response.”   
 
Another lesson presented by Little was that “arch development is the riskiest 
treatment in terms of stability” (2009: 649).  He noted that if a crowded arch is treated by 
increasing the arch length and/or proclining the incisors, posttreatment relapse will most 
likely be the result.  He stated that “arch development of the mixed dentition cases 
produced the most severe relapse of any form of treatment that we studied” (2009: 649).   
 
A third lesson presented by Little, in relation to the arch form was, “maintain—
don’t change—the arch-form” (2009: 650).  Little summarized that, in general, greater 
arch form change results in greater relapse while less change  produces less relapse.   
 
While many relapse studies noted decreased arch width and arch length several 
years following orthodontic treatment, it was also found that similar decreases in arch 
length occurred in untreated individuals.  Lundström (1969) evaluated 100 adolescents 
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aged 12 to 15 years.  These subjects were all in the early permanent dentition and had 
received no orthodontic treatment.  Of these, 41 subjects were evaluated again 14 years 
later.  Lundström (1969) found that arch length was reduced by a mean of 1-2 mm, and 
an increase in incisor crowding was evident.  Lundström (1969) attributed this reduction 
in arch length and increase in incisor crowding to the idea of mesial migration of the 
posterior teeth, predominantly the first molars.  Lundström (1969), however, did not find 
any significant difference in the arch width at the 14 year recall, suggesting that a 
decrease in arch width is not seen in the long-term in untreated individuals, and only 
occurs in patients who have had arch width expansion during orthodontic treatment.   
 
Knott (1971) found similar results to Lundström (1969), when she evaluated 35 
untreated subjects (21 male and 14 female) during adolescence and again during early 
adulthood.  The mean age at the first examination was 13.6 years and at recall 
examination was 25.9 years.  Knott (1971) found very little change in arch width between 
the two examinations and agreed with Lundström (1969) that long-term arch width 
changes are minimal in untreated young adults.   
 
At the University of Washington, Sinclair and Little (1983) reported on 65 (33 
male, 32 female) untreated subjects and compared their findings with data from treated 
Class I subjects studied by Little, Wallen and Reidel (1981) in an effort to characterize 
differences in long-term changes between treated and untreated subjects.  Sinclair and 
Little (1983) collected their sample from records of children in the Burlington Growth 
Center Study, Ontario, Canada.  The sample was limited to individuals having dental and 
skeletal Angle Class I relationships and were thought to have “normal” occlusion.  These 
untreated cases were evaluated in the mixed dentition (9 to 10 years), early permanent 
dentition (12 to 13 years), and early adulthood (19 to 20 years).  At each time period, six 
dental dimensions were examined namely, incisor irregularity, mandibular arch length, 
mandibular intercanine width, mandibular intermolar width, overbite, and overjet.  The 
purpose of their study was to “determine the nature and extent of the developmental 
maturation process of the normal dentition” (1983: 114).   
 
Sinclair and Little (1983) found decreases in arch length and intercanine width, 
but minimal changes in the intermolar width, overbite and overjet.  An increase was seen 
in incisor irregularity as measured by the Irregularity Index (Little 1975).  Females 
showed greater changes than males and these were particularly evident in diminished 
arch length and increased incisor crowding.   
 
When compared to the treated sample studied by Little, Wallen and Reidel 
(1981), Sinclair and Little (1983) found that the mean annual decrease in arch length was 
similar for both groups.  However, the changes in overbite, overjet and intercanine width 
were different in nature (Table 2-1).  The treated cases showed increases in overbite and 
overjet, while the untreated sample showed decreases over time.  The mandibular 
intercanine width decreased in both groups but the rate of decrease in the treated subjects 
was significantly faster than in the untreated group.  The authors explained that many of 
the cases had not been expanded during treatment but still underwent significant 
posttreatment arch constriction.  The incisor irregularity increased in both groups but the 
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Table 2-1. Mean annual changes (mm) in orthodontically treated versus 
untreated cases as reported by Sinclair and Little (1983). 
 
Variable Untreated Treated 
 
Arch Length -0.3 -0.3 
Intercanine Width* -0.1 -0.2 
Overjet* -0.1 +0.1 
Overbite* -0.1 +0.1 
Incisor Irregularity* +0.1 +0.2 
 
*P < 0.05, testing intergroup differences 
Source:  Sinclair PM, Little RM.  Maturation of untreated normal occlusions.  Am J 
Orthod 1983;83:114-23. 
 
 
increase was twice as large in the treated group.  The authors concluded that, 
“maturational changes in the permanent dentition of a sample of untreated normals 
appeared, in general, to be similar in nature, but significantly less in extent, than changes 
in similar parameters examined in a postretention sample of treated cases” (1983: 123). 
 
 
Periodontal and Gingival Tissues 
 
Reitan (1959) explained the idea of gingival fibers playing an important role in 
maintaining the original tooth positions and thus contributing to posttreatment relapses.  
He explained that orthodontic tooth movement results in the elongation of the principal 
gingival fibers and widening of the periodontal space.  These stretched periodontal fibers 
have a tendency to contract and pull teeth back toward their pretreatment positions by 
resorption of the newly deposited bone adjacent to the orthodontically repositioned teeth.   
 
Edwards (1970) introduced the idea of gingival fiber surgery (circumferential 
supracrestal fiberotomy) to release the stretched gingival fibers that had been implicated 
in rotational relapse.  Edwards (1970) reported on 12 adolescents between the ages of 13 
to 16 years who presented with at least one rotated tooth.  A total of 16 experimental 
teeth were used and the range of tooth rotation was 20 to 90 degrees.  The rotations of the 
teeth were corrected orthodontically and a surgical procedure was performed on 8 of the 
16 teeth.  The surgical procedure consisted of “inserting the point of a No. 11 Bard Parker 
blade into the depth of the gingival sulcus and severing all fibrous attachments 
surrounding the tooth to a depth of approximately 3 mm below the crest of the alveolar 
bone” (1970: 43).  Following the surgical procedure, Edwards found that negligible 
rotational relapse occurred, and he concluded that the simple surgical method of severing 
all supracrestal fibrous attachment to a rotated tooth alleviated relapse following tooth 
rotation.   
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Boese (1980) published a long-term recall on 40 patients.  18 of these patients had 
first premolar extractions, 16 had second premolar extraction and 6 had other extraction 
patterns.  Boese performed circumferential supracrestal fiberotomy and interproximal 
stripping on all of these patients in order to determine whether these procedures would 
enhance long-term stability.  He claimed that “to date, there have been no reports in the 
literature concerning the long-term effectiveness of CSF and reproximation on the 
stabilization of the mandibular anterior area” (Boese 1980: 88).  No additional retention 
method was used in these cases.  Boese stated that the purpose of his study was “to 
evaluate the long-term effectiveness of fiberotomy and reproximation on the 
posttreatment stability of previously crowded lower arches which had undergone 
orthodontic treatment” (1980: 88).  The mean irregularity index for these 40 cases prior 
to treatment was 9.2 mm with a standard deviation of 2.9 mm, and after treatment 
completion was 0.6 mm with standard deviation of 0.4 mm.  Upon evaluating these 40 
cases 4 to 9 years after treatment completion, Boese formulated the following 
conclusions:  “Observation of mandibular arches which had never been retained and 
observed 4-9 years after treatment provided dramatic evidence of stability in the 
mandibular anterior segment” (1980: 173).  Although Boese claims “dramatic evidence” 
of stability, the mean value of Irregularity Index at the recall examination is not stated.  
Edwards (1988) also evaluated the long-term stability of teeth treated with 
circumferential supracrestal fiberotomy and found that the surgically treated cases 
showed significantly less relapse than the controls.   
 
Redlich et al. (1996) questioned the theory that stretched gingival fibers caused 
rotational relapse and suggested that rotational relapse may actually originate in the 
elastic properties of the whole gingival tissue rather than stretching of the gingival fibers.  
Redlich et al. rotated 8 maxillary lateral incisors (in 4 dogs) with bonded fixed 
appliances.   They kept 4 other maxillary lateral incisors unrotated as controls.  Once the 
8 lateral incisors had been rotated orthodontically, gingival fiberotomy was conducted on 
4 of the teeth.  Then, scanning and electron microscopy analysis was conducted on the 
gingival samples.  After rotation-followed-by retention, the gingival fibers were “torn, 
ripped, disorganized, and laterally spaced and of increased diameter.”  These patterns that 
were found were considered to be incompatible with stretching.  However, after gingival 
fiberotomy, most fibers “resumed the appearance of the organized pattern of large fiber 
bundles similar to those seen in the control.”   Thus, they concluded that, “rotational 
relapse is not due to ‘stretched’ collagen fibers, but rather may originate in the elastic 
properties of the whole gingival tissue,” but they did not discount the possible 
effectiveness of gingival fiberotomy in preventing rotational relapse.   
  
Little (2009) explained that through his several years of conducting long-term 
stability studies he has found that rotational relapse is highly unpredictable.  He mentions 
that supracrestal fiberotomy seems beneficial in reducing the degree of rotational relapse 
in the long-term, but found that overcorrection did not seem to help.  He found that about 
20% of rotations that were overcorrected during treatment continued to rotate toward the 
direction of the treatment over the long-term.  For a given tooth, one cannot predict 
whether it will relapse toward the original position, remain in the treated position, or 
continue to rotate in the direction of the treatment.  Little suggests that the best way to 
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keep treated incisors in their treated position is to bond a mandibular lingual fixed 
retainer and keep the retainer fixed for life.   
 
 
Mandibular Incisor Dimensions 
 
Peck and Peck (1972) compared two groups of American white female young 
adults:  one group of 45 untreated normal occlusions that were considered to have perfect 
lower incisor alignment, and a control group of 70 subjects.  They found that naturally 
well-aligned mandibular incisors did posses distinctive dimensional characteristics, and 
lower incisors in perfect alignment were significantly smaller mesiodistally and 
significantly larger facioligually than the controls.  Peck and Peck (1972) proposed that 
reducing the mandibular incisors to achieve a specific faciolingual/mesiodistal ratio will 
increase the long-term stability.   
 
Agenter, Harris and Blair (2009) found that in a sample of American white men, 
average tooth size was significantly smaller in a group with good tooth alignment than in 
those exhibiting a tooth size- arch length discrepancy.  The sample with good alignment 
had smaller teeth in both the mesiodistal and buccolingual dimension.   
 
Gilmore and Little (1984) conducted a follow-up study to determine whether the 
ideal ratio proposed by Peck and Peck had any long-term value.  The dental casts of 164 
subjects treated at the University of Washington, Department of Orthodontics, were 
evaluated.  Of the 164 subjects, 134 had undergone orthodontic treatment and were 
evaluated at a minimum of 10 years postretention.  The other 30 cases were used as 
controls.  The postretention dental casts were measured to determine the irregularity 
index and the mesiodistal/faciolingual ratio.  Statistical analysis showed a weak 
association between the incisor widths or mesiodistal/faciolingual ratio and irregular 
alignment over the long-term.  They concluded that narrower mesiodistal widths of 
mandibular incisors did not ensure long-term stability in orthodontically treated cases.   
 
 
Posttreatment Growth 
 
Because many orthodontic patients are treated during adolescence, continuing 
growth after treatment completion may be a factor that contributes to the long-term 
stability of an orthodontic treatment result.  However, there is conflicting literature as to 
the actual role of growth in long-term stability and relapse.   
 
Riedel (1960: 189) suggested that “growth may be an aid in the correction of 
orthodontic problems and it also may be of such character as to cause a relapse of treated 
orthodontic cases.”  He explains that with the use of headgear and orthodontic growth 
modification, growth during treatment is beneficial and helpful in correcting a 
malocclusion, but growth that occurs after treatment is completed may contribute to 
posttreatment relapse.   
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Litowitz (1948) evaluated 20 patients 1 to 5 years after treatment using lateral 
cephalograms.  He found that in cases where the mandibular incisors were intruded to 
correct an excessive overbite, the overbite increased significantly toward the original 
after treatment completion.  Litowitz (1948) also noted that those patients exhibiting the 
greatest amount of growth during treatment, showed the least amount of posttreatment 
relapse.   
 
A few studies have shown that certain types of growth may lead to crowding of 
the incisors.  The idea was proposed by Ricketts in 1972 and confirmed by various other 
researchers.  Ricketts et al. thought that mandibular growth after treatment completion 
may produce a lingual force on the lower incisors leading to recrowding.  Schudy (1974) 
confirmed Ricketts theory when he evaluated 74 adolescents through adulthood and 
found that during adulthood, the mandible continued to translate forward at a much 
greater rate than the maxilla.  He found that with mandibular growth, there was a lingual 
movement of the mandibular incisors and deepening of the overbite.   
 
To test Ricketts’ theory and evaluate the effect of growth on incisor crowding, 
Perera (1987) evaluated the serial records of 29 untreated subjects, obtained at the King’s 
College Hospital Dental School.  He found that, with the forward rotational growth of the 
mandible, forward displacement of the mandibular symphysis occurs, and the lower 
incisors are pushed forward relative to the upper incisors.  This is resisted by the 
occlusion with the upper teeth and crowding of the lower incisors results.  Reciprocally, 
the effect on the upper incisors is to procline them.   Perera concluded that rotational 
growth does appear to play a key role in the production of crowding in the mandibular 
incisors.     
 
Miyazaki et al. (1998) reported on the mandibular incisor stability in patients 
treated at various ages.  The patients were divided into an adolescent group and an adult 
group.  All patients in both groups had received full orthodontic treatment following the 
extraction of four premolars.  The sample included 48 subjects, 25 were in the adult 
group and 23 in the adolescent group.  The average pretreatment age for the adolescent 
group was 12 years, and for the adult group was 20 years.  The corresponding 
posttreatement average ages were 14 years and 22 years, respectively.  Miyazaki found 
that after the 4-year posttreatment period, the mean increase in mandibular incisor 
irregularity was significantly greater in the adolescent group than the adult group.  The 
mean increase in mandibular incisor irregularity in the adolescent group was 2.4 mm as 
compared to only 1.3 mm in the adult group.  It was suggested that greater posttreatment 
growth in the adolescent group was responsible for greater posttreatment relapse.  
Miyazaki et al. recommended that adolescent patients should be asked to continue 
retainer wear at least until the end of growth to prevent recrowding of the lower incisors.   
 
Shields, Little and Chapko (1985), however, reported conflicting findings.  
Shields, Little and Chapko conducted a cephalomatric evaluation on 54 cases who had 
four first premolar extractions and had been treated with standard edgewise orthodontics.  
Examination was at minimum of 10 years following the fixed retention period.  They 
found no statistically significant relationship between growth and long-term mandibular 
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anterior irregularity.  They contended that the pretreatment incisor position and facial 
growth, were poor predictors of long-term mandibular irregularity.    
 
 
Neuromusculature Influences 
 
 Weinstein et al. (1963) introduced the “equilibrium theory of tooth position” and 
suggested that the oral musculature plays a significant role on a tooth’s natural position.  
After a thorough investigation of the muscular forces on the dentition, Weinstein et al. 
(1963) formulated the following three conclusions: 
 
1. “Forces exerted upon the crown of the tooth by the surrounding soft tissue may be 
sufficient to cause tooth movement in the same manner as that produced by 
orthodontic appliances” (1963: 23).   
2.  “Each element of the dentition may have more than one position of stable 
equilibrium within the system composed of the natural oral environment” (1963: 24). 
3. “Differential forces, even when they are of small magnitude, if applied over a 
considerable period of time can cause important changes in tooth position” (1963: 
24). 
 
The conclusions of Weinstein et al. (1963) are valuable in explaining relapse potential 
because they suggested that if a tooth is not placed in a position that is in equilibrium 
with the pressures of the oral musculature, it is likely to relapse.  Teeth that are not in an 
equilibrium position are likely to be moved by the integumental pressure until the 
resulting forces on the tooth are zero.   
  
Weinstein (1967) further tried to quantify the forces produced by the oral 
musculature and evaluate their effects on the dentition.  He evaluated 415 children with a 
mean age of 11 years and found that the mean resting force of the soft tissue resting 
against the buccal surface of the tooth was 4.89 grams.  Weinstein found that forces as 
low as 1.68 grams, if exerted over a sufficient period of time, were capable of moving 
teeth.  Weinstein suggested that both resting force and stiffness factor of cheek mass 
increase with age and explained that, “when a tooth is moved by low-magnitude forces 
and the force is then removed, the rate of the initial displacement is significantly less than 
the reverse rate of return” (1967: 902).  This implied that teeth that were not in 
equilibrium with the oral musculature had the potential to relapse at a rate greater than 
the rate at which they were initially moved.  Weinstein contended that the oral 
musculature played an important role in long-term stability, and teeth that were not in 
equilibrium with the oral musculature were likely to relapse.   
  
Reitan (1969) explained that posterior teeth are less likely to relapse as an effect 
of muscular pressure from the tongue.  This is because the molars are anchored and 
maintained by their occlusal relationships and not as susceptible to tongue pressure.  The 
anterior teeth, however, have a tendency to migrate toward their original position when 
adverse muscular pressure exists.  For this reason, Reitan explains that a longer retention 
period may be more necessary in the anterior region as compared to the molars.    
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 Profitt (1978) revisited Weinstein’s “equilibrium theory” and identified four 
major primary factors in the dental equilibrium: 
 
1. Intrinsic forces by tongue and lips 
2. Extrinsic forces: habits, orthodontic appliances 
3. Forces from dental occlusion 
4. Forces from the periodontal membrane 
 
Profitt explained that all of these factors are capable for moving teeth, both favorably 
during orthodontic treatment and unfavorably following treatment.  However, Profitt 
explained that both the magnitude and duration of the force is important for tooth 
movement.  For example, normal occlusal forces do not cause tooth intrusion because 
intrusion requires a long-lasting force, and the magnitude and duration of occlusal forces 
are wrong for producing tooth movement.   
 
 
Occlusion 
 
It has been repeatedly suggested in the literature that a balanced occlusion 
contributes to the long-term stability of an orthodontic result.  Angle (1907) stated that 
cases treated to a proper occlusion would remain stable.  Angle also stated that a full 
complement of teeth was necessary for each tooth to occupy its normal position, and thus 
provide a normal, balanced and stable occlusion.  Tweed (1944) stated that there were six 
keys to achieving optimal occlusion, and those who satisfied these six criteria would 
achieve occlusal stability.  The six keys identified by Tweed were:  One, there was a full 
complement of teeth, with each tooth occupying its normal position (similar to Angle’s 
(1907) contention).  Second, there must be normal cusp and inclined plane relationships 
of opposing teeth.  Third, all teeth must have ideal axial orientations.  Fourth, the teeth 
must be ideally related to the jawbones.  Fifth, the jaws must be ideally related to one 
another.  And sixth, all parts must be in ideal function.  Tweed contented that if these six 
keys were achieved, long-term occlusal stability would result.  However, he did mention 
that it was rare for a single individual to have all of these key characteristics.    
 
Riedel (1969) also explained that balanced occlusion is a factor in holding teeth in 
their corrected positions.  He contended that a proper interincisal angle may prevent 
relapse in overbite.  He also suggested that proper posterior intercuspation could prevent 
relapse of posterior crossbites as well as anteroposterior (Class II or Class III) 
corrections.  Kahl-Nieke (1995) analyzed the dental casts of 226 subjects and found that 
maxillary incisor irregularity was more stable in the long-term if a perfect Class I molar 
relationship was attained during treatment.  Those cases that were in a slightly Class II or 
Class III relationship at the posttreatment examination achieved less stable long-term 
results.   
 
Harris and Behrents (1988) recalled 61 untreated individuals from the Bolton 
longitudinal study (Cleveland, OH) to evaluate the long-term stability of the molar 
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relationship.  The average age of the subjects at recall examination was 54.6 years.  
Dental casts were evaluated and compared to those taken during young adulthood 
(average age of 19.7 years).  They found that of the 69 cases (sides) with Class I molar 
relationships at young adulthood, 100% remained Class I when recalled more than 30 
years later.  None of the Class II or Class III cases spontaneously corrected.  In fact, the 
Class II cases became more severely Class II over time (increased distocclusion) and the 
Class III cases became more Class III (increased mesiocclusion).  The Class II cases 
showed a 24% increase in the Class II discrepancy, while the Class III cases showed a 
73% increase in Class III discrepancy.  The authors concluded that a Class I molar 
relationship is intrinsically the most stable molar relationship in untreated occlusions.  
The finding that Class II cases tend to worsen in Class II discrepancy over the long-term 
in untreated individuals is particularly notable, because the present study evaluates Class 
II cases that had been treated to a Class I occlusion.  It is interesting to see whether the 
Class II correction remains stable or if it worsens in severity like the untreated cases 
evaluated by Harris and Behrents.   
 
 
Third Molars 
 
The role of third molars in long-term incisor stability has been controversial and 
debated in the orthodontic literature.  Joondeph (2000) explained that some authors 
attributed the presence of third molars to long-term mandibular dental stability, while 
historically other authors blame the eruption of third molars for late lower incisor 
crowding.  Broadbent (1941) stated that third molars play an insignificant role in late 
lower incisor crowding.  Woodside (1970) proposed that an absence of third molars 
allowed for the distal settling of the dentition, implying a passive role of third molars in 
incisor crowding.   
 
Ades, Joondeph, Little and Chapko (1990) evaluated 97 patients an average of 13 
years after treatment was completed.  They divided the subjects into four groups:  both 
lower third molars erupted (n = 32), both lower third molars impacted (n = 14), both 
lower third molars congenitally missing (n = 17), or both lower third molars extracted (n 
= 34).  All third molars that were extracted showed intrabony impactions prior to 
extraction.  No significant differences were found between the four groups in parameters 
that were studied, including:  mandibular incisor irregularity, intercanine width, arch 
length, overbite, or overjet.  The authors suggested that the recommendation of removing 
mandibular third molars with the objective of alleviating long-term increase in 
mandibular incisor irregularity is not justified by their findings.        
 
 
Previous Long-term Stability Studies 
 
Many studies have been published on the topic of relapse, with varying sample 
sizes, sample descriptions and treatment modalities.  Shah (2003) reviewed the literature 
dealing with the postretention changes in mandibular crowding.  Shah suggested that 
orthodontists give primary consideration in treatment planning to the mandibuar arch, and 
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more specifically to the mandibular anterior segment.  Shah explains that it is assumed by 
most orthodontists that the mandibular arch is the key to stability and the maxillary arch 
is assumed to wrap around this template and follow changes in mandibular arch 
alignment (Shah 2003: 298).  Therefore, many long-term retention studies have focused 
on evaluating the long-term changes in the mandibular anterior segment.  Shah concluded 
that, “mandibular incisor relapse is almost inevitable, regardless of orthodontic 
techniques and timing of orthodontic treatment” (2003: 298).  Shah also wrote that after 
reviewing the published literature on mandibular incisor relapse, it is difficult to 
formulate any meaningful conclusions when comparing the changes in the mandibular 
arch in untreated cases with those treated orthodontically or when comparing different 
treatment modalities.  Shah lists some other variables that hinder comparison of the 
results of postretention studies, such as the variable types of mechanics used in treatment 
as well as being unable to compare whether the subjects were treated by experienced 
versus inexperienced orthodontists.   
 
Boley (2005) conducted a project to compile data from several long-term studies.  
Most of these studies included pretreatment, posttreatment and long-term recall 
measurements including:  overjet, overbite, mandibular incisor irregularity, and 
mandibular intercanine and intermolar widths.  Table 2-2 describes some of these studies 
and provides information on sample sizes, ages of subjects, and extraction pattern.  The 
studies conducted by Little et al. at the University of Washington are of particular 
importance because they are the most widely referenced in the orthodontic community.  
However, many of the cases evaluated by Little et al. were treated with extraction of 
premolars, whereas the present study focuses on non-extraction cases.  Therefore, it is 
important to consider non-extraction studies conducted by other authors as well.  
 
 
Incisor Irregularity 
 
The studies conducted at the University of Washington, Seattle, Washington, by 
Little, Riedel and others in the 1980s are some of the most widely accepted and 
frequently referenced studies when dealing with long-term stability of the lower-incisors.   
In these studies, they evaluated patients treated at the University of Washington 10 to 20 
years posttreatment.  Little, Wallen and Riedel (1981) reported on 65 cases that had been 
treated with four premolar extractions a minimum of 10 years after treatement 
completion.  The sample consisted of 24 males and 41 females.  Both Class I and Class II 
cases were evaluated with 53% Class I, 43% Class II, division 1, and 13% Class II, 
division 2 malocclusions.  Incisor irregularity, as described by Little (1975), was 
measured at pretreatment, posttreatment and a minimum of 10 years posttreatment.  The 
mean ages at each examination were 13.0 years at pretreatment, 15.2 years at the end of 
active treatment, and 30.1 years at the long-term recall evaluation.  The mean recall 
duration was 14.9 years.  The Irregularity Index, overjet, overbite, mandibular arch length 
and mandibular intercanine width were measured on each dental cast at each examination 
period.  Little, Wallen and Riedel (1981) found no significant difference in long-term 
posttreatment Irregularity Index between the Angle classes or between sexes.  The  
authors proposed the following four conclusions:  (1) Long-term alignment is variable 
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Table 2-2.  Sample size, sex, and average age at each examination for previous long-term stability studies.   
 
  Sample Sizes                   Ages  Recall 
        Author                            Total       Male       Female T1             T2            T3        Duration (years)      Extraction1                                  
Little et al. 1981 65 24 41 13 5.2  30.1 14.9  E 
Little et al. 1988 31 13.2  15.5 43.3 27.8    E 
Little 1990 26 10.1  13.7  25.8 12.1    NE 
Paquette et al. 1992 33 13 20 12.5  14.4  28.8 14.4  E 
Paquette et al. 1992 30 19  11 12.6 14.2 28.7  14.5  NE 
Riedel et al. 1991 24 9 15 19.1 22.3 34.5 12.2 E 
Riedel et al. 1991 18 6 12  15.2  17.2   36.3  19.1  NE 
Sadowsky et al. 1994  22 6  16 10.9 13.9 22.2  8.3 NE 
Moussa 1995 55 16 39  12.1 15.7  22.0   6.3 NE 
 
1Extraction pattern is defined as having no extraction (NE) or extraction of four premolars (E). 
Adapted with permission from personal communication with James Boley, Sept. 15, 2008. 
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and unpredictable; (2) no descriptive characteristics (Angle Class, length of retention, age 
of the initiation of treatment, or gender), nor measured variables (initial or end of active 
treatment alignment, overbite, overjet, arch width, or arch length) is of value in predicting 
the long-term result; (3) arch dimensions of width and length typically decrease after 
retention, whereas crowding increases; and (4) success at maintaining satisfactory 
mandibular alignment (defined as Irregularity Index of less than 3.5 mm) is less than 30% 
with nearly 20% of the cases likely to show marked crowding (Irregularity of greater than 
6.5 mm) several years after removal of retainers.   
 
Little, Riedel and Årtun (1988) evaluated 31 cases at a minmum of 20 years 
posttreatment.  Incisor irregularity was measured at pretreatment, end of activetreatment, 
10 years posttreatment, and 20 years posttreatment.  The results of this study are 
presented in Table 2-3.  Most changes from 10 to 20 years posttreatment were slight – 
less than 1 mm of increased irregularity; however, a few cases exhibited an increase of 2 
to 3 mm.  At the 20-year posttreatment stage, only three of the 31 cases had irregularity 
considered clinically acceptable (3.5 mm or less).  Ten cases were severely crowded 
(greater than 6.5 mm).  The following conclusions were made in this study: 
 
1. The process of arch constriction that accompanies anterior crowding appears to 
continue well after the cessation of active growth. 
2. During the 20 to 30 year age span, considerable change occurs routinely.  From age 
30 to 40 and beyond, the process continues, but usually at a lessened rate and degree. 
3. Most crowding increases are modest (from 10 to 20 years postretention), but the 
degree of malalignment for an individual case is not predictable. 
4. However, the one factor that is consistently predictable is the continuing decrease in 
mandibular arch length. 
 
The authors claimed that, given these conclusions, the only way to ensure continued 
satisfactory alignment posttreatment is by use of permanent fixed or removable retention 
(Little, Riedel and Årtun 1988). 
 
 
Table 2-3. Incisor Irregularity (mm) from the study reported by Little, Riedel and 
Årtun (1988). 
 
 Incisor Irregularity Mean Range 
 
Pretreament 7.4 1.9 to 18.1 
End of treatment 1.7 0.3 to 3.5 
10 years posttreatment 5.3 2.0 to 10.1 
20 years posttreatment 6.0 2.4 to 11.5 
 
Source:  Little RM, Riedel RA, Årtun J.  An evaluation of changes in mandibular anterior 
alignment from 10 to 20 years postretention.  Am J Orthod Dentofacial Orthop 
1988;93:423-8. 
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Sadowsky and Sakols (1982) evaluated 96 patients from 5 private orthodontic 
practices in the Chicago area.  The patients had been treated 12 to 35 years previously.  
All cases were treated with a full-banded Edgewise appliance.  Sadowsky and Sakols 
used a scoring system that they designed for this study.  They found that of the 96 
patients evaluated, 69 (72%) had incisor irregularity above the ideal range at the long-
term follow-up. 
 
Al Yami, Kuijpers-Jagtman and van’t Hof (1999) evaluated the dental casts of 
1,016 patients treated at the University of Nijmegan, Department of Orthodontics for 
long-term treatment outcome (10+ years posttreatment) using the Peer Assessment Rating 
(PAR) index.  The following three conclusions were drawn:  (1) Two-thirds (67%) of the 
achieved orthodontic treatment result was maintained at 10 years postretention.  (2) 
About half of the total relapse (as measured with the PAR index) took place in the first 2 
years after the discontinuation of retainer use.  (3) All occlusal traits relapsed gradually 
over time but remained stable from 5 years postretention with the exception of the lower 
anterior contact point displacement which showed a fast and continuous increase even 
exceeding the initial score.   
 
A few studies have reported on the long stability of cases treated without the 
extraction of permanent teeth.  Little et al. (1990) evaluated 26 patients a minimum of 6 
years after the discontinuation of retainer wear.  The sample consisted of adolescent 
patients who exhibited inadequate arch length in the mandibular arch.  The orthodontic 
treatment for these patients consisted of enlargement (expansion) of the arch by means of 
fixed edgewise appliances, active lingual arches, lip bumpers, or removable appliances.  
All patients had a mandibular arch length gain of at least 1 mm during treatment.  Little 
found that at the long-term posttreatment stage, the irregularity index for the mandibular 
incisors was significantly higher than at the end of active treatment.  Most cases (23/26; 
89%) had unacceptable lower incisor alignment at the long-term posttreatment stage, as 
defined by an irregularity index of 3.5 or greater.  The percentage of cases with 
unacceptable lower incisor alignment at the long-term posttreatment stage was 
significantly higher in this study, using a non-extraction treatment regimen, than with any 
other treatment modality that had been reported on previously.  Little et al. concluded 
that “enlagement of the mandibular arch length in the mixed dentition phase to 
accommodate arch length deficiency may yield the poorest stability” (Little et al. 1990: 
402).   
  
Glenn et al. (1987) also reported on cases treated without extractions.  The results 
of this study were slightly more favorable than Little’s, but the 28 subjects had only been 
out of retention a minimum of 3 years, rather than the 6 year recall period used by Little.  
The mean increase in mandibular incisor irregularity from the posttreatment to 
postretention time-period was 1.2 mm which was slightly more favorable than the mean 
increase seen in Little’s sample.  However, the mean pretreatment irregularity score for 
Glenn’s sample was much less than that of Little’s sample.  Both studies showed that, 
regardless of the amount of arch length increase during treatment, most cases showed a 
decrease in arch length from the posttreatment to postretention time period.   
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Paquette et al. (1992) evaluated 63 Class II, division 1 cases an average of 14.5 
years posttreatment.  About half (33/63) were treated with 4-premolar extraction, while 
30 were treated without extraction.  The purpose of the study was to compare long-term 
stability in subjects who were treated with extractions versus those treated nonextraction.  
The average ages of the patients in both groups were comparable, with the average age at 
pretreatment being 12.5 years for the extraction group and 12.6 years for the 
nonextraction group.  At the end of active treatment the average ages were 14.4 years for 
the extraction group and 14.2 years for the nonextraction group.  At the long-term 
posttreatment evaluation the average ages were 28.8 for the extraction group and 28.7 for 
the nonextraction group.  Incisor Irregularity was measured on each of the dental casts for 
both groups and the average changes were compared.  In the extraction group, a 
pretreatment mean Irregularity Index of 6.5 mm was corrected to a mean of 0.6 mm at the 
end of active treatment.  The mean incisor irregularity at the recall examination was 2.9 
mm.  So, for the extraction group, 2.3 mm of the nearly 6 mm of correction was lost 
during the posttreatment period.  In the non-extraction cases, the mean pretreatment 
Irregularity Index of 5.1 mm was corrected to a mean irregularity of 0.5 mm at the end of 
active treatment.  At the long-term evaluation the mean incisor irregularity was 3.4 mm, 
indicating that on average, 2.9 mm of the 4.6 mm of treatment correction was lost during 
the posttreatment period.  On average, 39% of the correction in incisor irregularity was 
lost during the posttreatment period in the extraction cases while 63% of correction was 
lost in the nonextraction cases.  The nonextraction cases showed significantly more 
relapse of lower incisor irregularity than those treated with extraction.    
 
Another nonextraction sample was evaluated by Moussa et al. (1995).  Moussa et 
al. evaluated the long-term stability of cases treated with rapid palatal expansion and 
Edgewise appliances in a private practice in Cuyahoga, Ohio.  The sample consisted of 
55 patients, 16 males and 39 females, who had been out of retention for 8 to 10 years.  
The retention protocol was the use of removable retainers for two years following 
treatment completion.   
 
Differences between the posttreatment and postretention measurements were statistically 
significant for lower Incisor Irregularity, lower intercanine width and lower arch length.  
Moussa et al. concluded that treatment with rapid palatal expander presented good 
stability for upper intercanine width, upper and lower intermolar widths and upper incisor 
irregularity.  Lower incisor irregularity, intercanine width, and arch length presented 
poorer stability.    
 
 
Arch Width and Arch Length 
 
When summarizing the lessons learned from long-term stability studies, Little 
(2009) explained that posttreatment reduction in mandibular arch width and length were 
evident in treated samples.  Little et al. (1981) found a mean posttreatment reduction in 
intercanine width of 2.0 mm in the 65 extraction cases that were evaluated an average of 
12.7 years posttreatment.  They also found an average decrease in arch length of 2.48 mm 
from posttreatment to long-term recall examinations.  As previously mentioned, Little, 
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Riedel and Årtun (1988) found that over the long term recall period, their 31 cases 
showed a decrease in both arch length and arch width and increased crowding in spite of 
treatment mechanics.  The findings of Little, Riedel and Stein (1990) agreed with those of 
Little, Riedel and Årtun (1988) in terms of decreased arch length and arch width over the 
long term recall period.  These cases had received arch width expansion to treat an initial 
arch length deficiency, with modalities including active lingual arches, lip bumpers and 
removable appliances.   Although at the end of active treatment all patients showed an 
increase in arch length of at least 1 mm, at the long-term recall period, all cases had an 
arch length that was shorter than that at the end of treatment.  The mandibular intercanine 
width was significantly reduced in 23 of the 26 patients at the long-term posttreatment 
examination.   
 
Vaden et al. (1997) evaluated 36 extraction cases an average of 15 years after 
treatment and found less significant reductions in arch length and arch width, but 
reduction in these variables over the long-term still occured.  The intercanine width 
decreased an average of 0.4 mm and the arch length decreased an average of 1.2 mm 
between the posttreatment and long-term recall examinations.  This study showed more 
archform stability over the long-term than those previously reported from the University 
of Washington.   
 
Kahl-Nieke, Fischbach and Schwarze (1996) found a positive correlation between 
the degree of arch expansion during treatment and the degree of arch width relapse 
posttreatment in the 226 cases they evaluated at an average of 15.7 years after treatment.   
 
De La Cruz (1995) showed that arch form tended to return toward its pretreatment 
shape.  In his study, statistically significant (P < 0.05) differences were seen in 
intercanine width, intermolar width, arch length, and irregularity index from the end of 
treatment to the posttreatment examination.  The posttreatment examination showed:  
decreased intercanine width, decreased intermolar width, decreased arch length, and 
increased irregularity index.  The tendency during the long-term recall period was for the 
arch shape to return toward the pretreatment shape.  De La Cruz concluded that the 
patient’s pretreatment arch form appeared to be the best guide to future arch form 
stability.   
  
In nonextraction cases, Paquette et al. (1992) found decreased intercanine width 
and arch length over a mean recall period of 14.5 years.  Intercanine width was reduced 
by a mean of 0.6 mm between the posttreatment and long-term recall examinations, while 
arch length decreased an average of 3.9 mm.  Similarly, Årtun et al. (1996) evaluated 41 
nonextraction cases an average of 14 years posttreatment and found significant arch 
width and arch length reductions.  The sample in this study was of Class II, division 1 
subjects similar to the sample described in the present study.  The mean long-term 
reduction in intercanine width found by Årtun et al. (1996) was 1.3 mm and the mean 
reduction in arch length was 1.2 mm over the long-term recall period.   
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Overjet and Overbite 
 
 Posttreatment increases in overjet and overbite over the long-term have 
consistently been shown by previous long-term stability studies for both extraction and 
non-extraction cases (Paquette et al. 1992; Årtun et al. 1996; Vaden et al. 1996; Little et 
al. 1988).  In a sample of cases treated non-extraction Paquette et al. (1992) showed a 
treatment correction of overjet from a pretreatment mean of nearly 8.0 mm to a 
posttreatment mean of 2.8 mm.  The mean overjet at the long-term recall examination 
however was 4.7 mm.  Nearly half of the treatment correction was lost during the 
posttreatment recall period.  A significant relapse in overbite also was seen in this study.  
The pretreatment mean overbite of 3.8 mm was reduced to a mean of 1.3 mm 
posttreatment but relapsed to a mean of 3.6 mm at the recall examination.  Almost all of 
the overbite correction was lost over the 14.5 year recall period.  Other studies (Årtun et 
al. 1996; Vaden et al. 1996; Little et al. 1988) also showed increases in overjet and 
overbite over the long-term recall period, but these increases were less dramatic than 
those seen in the study by Paquette et al. (1992).  In these other studies, approximately 
1/3 to 1/2 of the treatment correction in overjet was lost during the long-term period, and 
approximately 1/2 of the correction of overbite was lost.   
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CHAPTER 3.    MATERIALS AND METHODS 
 
 
Sample Selection 
 
Subjects (American white women) in the present study were collected from Dr. 
Richard A. Williams’ private orthodontic practice located in Southaven, Mississippi.  Dr. 
Williams, a graduate of the University of Tennessee’s orthodontic specialty program 
(1985), has been in solo practice for 26 years.  The charts of patients treated in Dr. 
Williams’ practice were filed alphabetically and by the year of treatment initiation.  The 
charts of patients treated during the 1990s were reviewed to determine if they met the 
following 10 selection criteria:  (1) subjects were American white females with Angle 
Class II malocclusions who began treatment between 1988 and 1997; (2) subjects were at 
least 7 years out of treatment; (3) pretreatment and posttreatment dental casts were 
available; (4) subjects had received comprehensive orthodontic treatment with fixed 
appliances in both the maxillary and mandibular dental arches; (5) subjects had been 
treated orthodontically only once; (6) subjects had started treatment in adolescence 
(between the ages of 10 to 17 years); (7) subjects were treated with straightwire appliance 
(MBT) with 0.022” X 0.028” bracket slot size; (8) subjects were treated without 
extraction of permanent teeth (ignoring third molars); (9) subjects were phenotypically 
normal with no congenital disease, syndrome, or contributory health history; and (10) 
subjects had no fixed retainers.  All patients had been given an upper and lower Hawley 
retainer after active treatment completion for retention.  Patients were instructed to wear 
the retainers full time (to be removed only while eating and cleaning) for 6 months and 
then during sleeping only for 2 years.  Patients were released from observation after 2 
years and told to continue wear at night only. 
 
After a thorough search of Dr. Williams’ patient records, 240 charts were 
identified as satisfying the 10 inclusion criteria.  Once these charts were identified, 
telephone calls were made and invitation letters were sent to the phone numbers and 
addresses available from the patients’ charts.  The invitation letters explained the purpose 
of the research study, and asked the person for her participation.  Several follow-up 
telephone calls were made as indicated.  After several months of contacting patients and 
receiving poor responses, an incentive of $25 for participation was offered to those 
qualified patients who participated in the study.   
 
The selected persons were asked to present to Dr. Williams’ orthodontic office, 
where alginate impressions were made.  The impressions were sent to an orthodontic 
laboratory for pouring and trimming of stone casts.  These dental casts were used for this 
long term recall analysis.  The resulting sample consisted of 30 females.  Table 3-1 
describes the sample characteristics and mean ages at each examination for the subjects 
participating in the study.   
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Table 3-1. Chronological ages (in years) at the three examinations. 
 
 Examination Mean         Range 
 
Pretreatment 13.1 10.4 - 17.6 
Treatment time      2.9  1.2 - 5.2 
End of treatment 16.1 12.9 - 21.2 
Posttreatment recall 28.3   20.5 - 35.7 
Recall interval 12.2 7.1 - 19.0 
 
 
Dental Cast Analysis 
 
Analysis was conducted on the three sets of dental casts for each subject:  (T0) 
pretreatment examination, (T1) posttreatment examination, and (T2) long term recall 
examination.   
 
The following variables were analyzed on all three sets of dental casts for each 
patient:  (1) overbite, (2) overjet, (3) midline relationship, (4) buccal segment 
relationships (left and right), (5) canine relationships (left and right), (6) Little’s Incisor 
Irregularity for maxillary and mandibular arches, (7) arch chords (1-3 and 1-6), (8) arch 
depth, (9) curve of Spee (left and right), (10) intercanine width, (11) interpremolar widths 
(4-4 and 5-5), and intermolar width (6-6).  The dental casts were measured using digital-
readout sliding calipers with a read-out accuracy of 0.005 mm.  The variables were 
measured as described in Harris and Bodford (2007) and Harris and Corruccini (2008).  
Measurements were made with the casts occluded in maximum interdigitation.  After a 
wash out period, all measurements were repeated.   
 
 
Overjet and Overbite 
 
Overjet was measured by placing the dental casts in maximum intercuspation.  
Using the caliper’s depth gauge, the distance from the lingual surface of the maxillary 
central incisor and the facial surface of the corresponding mandibular central incisor was 
obtained (Figure 3-1).  If there was a left-right side difference, the larger of the two 
measurements was recorded.   
 
Overbite, which is defined as the overlap of the maxillary and mandibular central 
incisors perpendicular to the Down’s occlusal plane (Baume et al. 1977), was measured 
using the steps described by Harris and Corruccini (2008;3):  “(1) place the casts in 
maximum intercuspation, (2) use a fine lead pencil to mark where the incisal edge of the 
upper incisor occludes over the lower incisor, (3) separate the casts, and (4) use the depth 
gauge of the calipers to measure how far the pencil mark is from the incisal edge of the 
lower incisor” (Figure 3-2).  If the overbite and overjet values were different for the right 
and left central incisors, the greater value was recorded.   
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Figure 3-1. Lateral view of the central incisors, showing the method of measuring 
overjet, measured parallel with Downs’ occlusal plane.   
The horizontal distance was measured with sliding calipers.  If the incisors are in 
crossbite, the measured value would be negative.  
Modified with permission.  Harris EF, Corruccini RS.  Quantification of dental occlusal 
variation:  A review of methods.  Dental Anthropology 2008;21:1-11. 
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Figure 3-2. Lateral view of the central incisors, showing the method of measuring 
overbite, measured perpendicular to Downs’ occlusal plane.   
The vertical distance was measured with sliding calipers as the vertical distance between 
the maxillary and mandibular incisor’s incisal edge.  If there was an openbite, the 
measured value would be negative.  
Modified with permission.  Harris EF, Bodford K.  Bilateral asymmetry in the tooth 
relationships of orthodontic patients.  Angle Orthod 2007;77:779-86.   
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Midline Relationship 
 
 Dental midline variation was measured as the horizontal distance between the 
maxillary midline embrasure and the mandibular midline embrasure.  If these midline 
embrasures were coincident, the value was recorded as zero.  If the mandibular midline 
was deviated to the person’s right side of the maxillary midline, the value was labeled 
positive; otherwise it was labeled negative (Figure 3-3).   
 
 
Buccal Segment Relationship 
 
When measuring the buccal segment relationship (BSR), Harris and Corruccini 
(2008; 4) explain that, “Angle’s three-grade classification is a valuable descriptive 
method, but recording BSR on a continuous scale is more informative for most research 
efforts.”  In the present study, BSR was measured with the dental casts in maximal 
intercuspation and recorded on a continuous scale developed by Baume and coworkers 
(1973) and described by Harris and Corruccini (2008).  Thin lead pencil lines were drawn 
at the center of the maxillary mesiobuccal cusp and the center of the mandibular buccal 
groove.  The horizontal distance between these two lines was then measured (Figure 3-4).  
When the two lines were coincident (the mesiobuccal cusp of the maxillary first molar 
was “socked into” the buccal groove of the mandibular first molar) BSR was zero.  The 
value was negative when the lower molar groove was distal of the upper molar’s 
mesiobuccal cusp (Class II relationship or distoclusion); the value was positive when the 
groove was mesial to the upper molar’s mesiobuccal cusp (Class III relationship or 
mesioclusion) (Harris and Corriccini 2008).  The buccal segment relationship (BSR) was 
recorded separately for left and right sides of the arch.   
 
 
Canine Relationship 
 
The canine relationship is the relationship between the maxillary canine cusp tip 
and the mandibular canine-first premolar embrasure as explained by Harris and 
Corriccini (2008) and illustrated in Figure 3-5.  When the maxillary canine was distal of 
the embrasure (Class III relationship) the distance was recorded as positive.  When the 
maxillary canine was mesial to the mandibular canine-first premolar embrasure (Class II 
relationship) the value was negative (Harris and Bodford 2007).   
  
Incisor Irregularity 
 
Little’s Incisor Irregularity index (Little 1975) was used to measure the amount of 
anterior tooth discrepancy (Figure 3-6).  Although this index was originally developed for 
the mandibular incisors, it was used to measure the incisor irregularity in both arches in 
this study.  When the four incisors and two canines are in proper alignment all proximal 
contacts are closed.  When the teeth are improperly aligned, the contact point, or the area 
on the tooth which should be contacting the adjacent tooth, is displaced.  To determine
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Figure 3-3. Diagram of the labial view of the central incisors, showing the method 
of measuring the deviation of the maxillary and mandibular dental midlines.   
The horizontal discrepancy was measured with sliding calipers.  If the midlines are 
coincident, the discrepancy is zero.  Mandibular shifts to the right were labeled positive. 
Modified with permission. Harris EF, Bodford K.  Bilateral asymmetry in the tooth 
relationships of orthodontic patients.  Angle Orthod 2007;77:779-86.   
 
 
28 
 
 
 
Figure 3-4. Lateral view of the permanent first molars, showing the method of 
measuring the buccal segment relationship.   
This is the horizontal (parasagittal) distance of the maxillary molar’s mesiobuccal cusp 
from the buccal groove of the mandibular molar.  The horizontal discrepancy was 
measured with sliding calipers.  If, as diagrammed here, the molars have a Class II 
relationship, the distance is negative.  
Modified with permission. Harris EF, Corruccini RS.  Quantification of dental occlusal 
variation:  A review of methods.  Dental Anthropology 2008;21:1-11. 
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Figure 3-5. Lateral view of the canines, showing the method of measuring canine 
discrepancy.   
Canine discrepency is the horizontal (parasagittal) deviation of the mandibular canine’s 
cusp tip relative to the canine-first premolar embrasure.   
The horizontal discrepancy was measured with sliding calipers.  If, as diagrammed here, 
the maxillary canine is mesial (Class II) of its ideal position, the value is defined as 
negative.  
Modified with permission.  Harris EF, Bodford K.  Bilateral asymmetry in the tooth 
relationships of orthodontic patients.  Angle Orthod 2007;77:779-86.  
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Figure 3-6. Incisor irregularity is the summation of the five distances between the 
anatomic contacts of the anterior six teeth.   
If the anatomic contacts of two adjacent teeth are approximated, the distance is zero.  
Incisor irregularity is, then, the millimetric sum of the five contacts labeled A through E.  
Incisor irregularity is measured independently on the maxillary and mandibular casts.  
Modified with permission.  Little RM. The irregularity index: a quantitative score of 
mandibular anterior alignment.  Am J Orthod 1975;68:554-63. 
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the amount of incisor crowding, the amount of deviation from contact point to adjacent 
contact point is measured in millimeters.  The irregularity index is the sum of these 
measurements (Little 1975).   
 
Arch Chords 
 
 Measures of the arch chords (Moorrees and Reed 1954; Sillman 1964; Knott 
1972) were recorded in each of the subject’s four quadrants.  Two measurements were 
made for each quadrant:  1-3 arch chord and 1-6 arch chord.  The measurement for the 1-
3 chord was made by measuring the straight-line distance from the central embrasure 
(midpoint between the central incisors) to the embrasure distal to the canine.  The 
measurement for the 1-6 chord was made by measuring the straight-line distance from the 
central embrasure to the embrasure distal to the first molar (Figure 3-7) (Harris and 
Corruccini 2008).   
 
 
Arch Depth 
 
“Arch depth is the mesiodistal distance from the labial surface of the central 
incisors back to the distal margins of the first molar along the midline” (Harris and 
Corruccini 2008:7).  In this study, arch depth was measured by placing a straight edge 
against the distal heels of the left and right permanent first molars and measuring the 
distance from the labial of the central incisors along the median raphae (Figure 3-8).   
 
 
Curve of Spee 
 
 The curve of Spee was measured by laying a flat ruler on the mandibular occlusal 
surfaces from the canine to terminal molar.  The distance from the ruler to the cusp tip 
farthest from this plane was recorded using the caliper’s depth gauge (Harris and 
Corruccini 2008). 
 
 
Arch Widths 
 
 Four arch widths were measured on each dental arch (Figure 3-9).  The widths 
were recorded as the intercanine width (3-3), the first premolar width (4-4), the second 
premolar width (5-5), and the intermolar width (6-6).  The widths were measured as the 
maximum distance between the buccal surfaces (heights of contour) of the corresponding 
teeth.    
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Figure 3-7. Diagrammatic illustration of a maxillary dental arch, showing the 
manner that, with sliding calipers, the incisor-to-canine (1-3) and the incisor-to-
molar (1-6) arch chords were measured. 
In practice, both of these chords were measured on the left and right sides of both the 
maxillary and mandibular arches.  
Modified with permission.  Harris EF, Bodford K.  Bilateral asymmetry in the tooth 
relationships of orthodontic patients.  Angle Orthod 2007;77:779-86. 
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Figure 3-8. Diagrammatic illustration of maxillary arch depth.   
Depth was measured independently on the maxillary and mandibular arches.  
Operationally, a straight-edge was positioned against the distal heels of the permanent 
first molars (so there may be some dentoalveolar asymmetry) and the depth was 
measured from the labial of the central incisors, along the median raphe, to the back of 
the first molars.  
Modified with permission.  Harris EF.  A longitudinal study of arch size and form in 
untreated adults.  Am J Orthod Dentofacial Orthop 1997;111:419-27.   
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Figure 3-9. Illustration of the dental arches showing the manner that, with sliding 
calipers, the intercanine (3-3), interpremolar (4-4 and 5-5) and the intermolar (6-6) 
widths were measured.   
Widths, measured independently on both the maxillary and mandibular arches, are the 
maximum attainable distances between the buccal surfaces of the teeth, not between cusp 
tips.   
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Intraobserver Repeatability 
 
All measurements are prone to error (Houston 1983; Harris and Smith 2009).  The 
issue is to minimize technical errors of measurement (TEM) so they do not affect the 
results and inferences drawn from them.  We report here the analysis of three approaches 
to assessing the magnitudes of TEM in the caliper measurements of the dental casts.  All 
measurements were made by the author, so there is no concern about inter-operator error. 
 
Calculations of error depend on double-determinations of the measurements.  The 
full battery of 29 variables was made on two separate occasions separated by a few 
months (i.e., the wash-out period) for all 30 subjects.  For this analysis we combined the 
measurements taken on the three sets of casts (pretreatment, posttreatment, and recall) 
since there was no difference among them.  In the absence of any missing values, the 
number of double determinations would be 90.  Parenthetically, numerous authors have 
discussed the fallacies of trying to estimate TEM using correlation coefficients (Harris 
and Smith 2010), but this method persists in the literature. 
 
One approach was calculation of the Dahlberg statistic (Bland and Altman 1986).  
This often is misinterpreted in the literature, because the statistic is the standard error (not 
the mean) of the measurement differences.  The Dahlberg statistic is a measure of the 
consistency of the repeated measurements; it does not test for systematic differences.  
This statistic (Table 3-2) is less than ½ millimeter for all of the measurements; indeed, 
the highest values are for the upper and lower arch depths, where the statistic is about 1/3 
millimeter.  As shown by these values, arch depths are difficult to measure because they 
depend on several landmarks (the distal heels of both molars and the inter-incisal point) 
and, physically, it involves two hands to steady the ruler and the caliper.  Still, even these 
“extreme” values are so low as to have effectively no influence on interpretation of the 
clinical changes in tooth positions across the three examinations. 
 
Incisor overbite and overjet also stand out as have standard errors in excess of 
0.1—so they are comparatively variable, but in fact these values are so small in absolute 
terms that they do not affect clinical interpretations of the changes in these variables 
(which are several times greater) than the TEM. 
 
Secondly (Table 3-2), the root mean difference was calculated for each variable.  
The root mean difference is 
 
 
X1j -X2j 2
n
 
 
So, this is the average difference between duplicated measurements.  The root mean 
difference has the obvious advantage over calculating the simple average difference in 
that the squared differences prevent positive and negative values from canceling one 
another.  This root mean is termed in mathematics the quadratic mean. 
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Table 3-2. The technical errors of measurement. 
 
  Pairs of Dahlberg Root Mean Mean Abs. 
 Variable Determinations Statistic Square Difference 
Overbite 89 0.162 0.229 0.150 
Overjet 89 0.143 0.203 0.166 
Midline 89 0.113 0.160 0.119 
BSR Left 88 0.120 0.170 0.096 
BSR Right 85 0.095 0.134 0.087 
Canine Left 84 0.375 0.530 0.218 
Canine Right 85 0.200 0.282 0.151 
Upper Incisor Irreg 84 0.020 0.029 0.020 
Lower Incisor Irreg 87 0.022 0.031 0.026 
Up Chord Right 1-3 89 0.022 0.031 0.023 
Up Chord Right 1-6 86 0.018 0.025 0.021 
Up Chord Left 1-3 89 0.109 0.154 0.106 
Up Chord Left 1-6 88 0.116 0.164 0.118 
Up Chord Right 1-3 89 0.021 0.030 0.022 
Up Chord Right 1-6 88 0.022 0.030 0.024 
Up Chord Left 1-3 89 0.019 0.027 0.022 
Up Chord Left 1-6 89 0.126 0.178 0.122 
Upper Arch Depth 86 0.303 0.429 0.315 
Low Arch Depth 88 0.351 0.497 0.387 
C Spee Right 89 0.183 0.258 0.197 
C Spee Left 88 0.033 0.046 0.036 
Max 3-3 Width 89 0.088 0.124 0.070 
Max 4-4 Width 88 0.088 0.125 0.085 
Max 5-5 Width 88 0.088 0.125 0.076 
Max 6-6 Width 88 0.072 0.102 0.068 
Mand 3-3 Width 89 0.057 0.081 0.054 
Mand 4-4 Width 89 0.096 0.136 0.087 
Mand 5-5 Width 89 0.017 0.024 0.020 
Mand 6-6 Width 88 0.128 0.180 0.116 
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It is noteworthy that all of these mean differences are less than 1/2 millimeter, 
meaning that the average difference between measurement sessions was less than 0.5 
mm.  In fact, only the upper and lower arch depths are particularly high—at about 0.4 
mm.  All of the others are less than 0.2 mm, and most are less than 0.1 mm. 
 
The third method is what we term the mean absolute difference, which is 
calculated as: 
 
 
X1j -X2j
n
 
 
This is very similar to the quadratic mean, above, but is more direct.  The quadratic mean 
tends to over-estimate the mean deviation.  Simply taking the absolute difference does 
not.  Table 3-2 shows that the TEM for all variables using this statistic are less than 0.4 
mm, and most are less than 0.1 mm, meaning that the average difference is very small.  In 
other words, errors (imprecisions) in measurement contribute very little to the observed 
changes during and after treatment.  Canine position has a mean difference of about 0.2 
mm, which is comparatively high, probably because it depends on the orientation of view 
as to where the canine cusp tip is in relationship to the embrasure.  Upper and lower arch 
depths are, again, comparatively high at about 0.3 mm for the same reason cited above. 
 
In summary, these three measures of TEM obviously are concordant because they 
simply are different views of the same data.  The key issue is that we show that TEM is 
very low—much lower than the magnitudes of changes seen during and after orthodontic 
treatment—so intraobserver repeatability errors do not confound the clinical findings. 
 
The complementary question not addressed with these statistics is whether there 
was a systematic change with time between the measurement sessions.  A change in 
measurement style from the first to the second measurement sessions would create a 
systematic change.  For example, if maximum arch widths were measured with the 
calipers at the gingival margins at one session, but at the heights of contour at the other, 
then there might well be a systematic change between measurement sessions.  This is 
what would be measured with, say, a paired t-test (Sokal and Rohlf 1995).  We tested for 
systematic differences between the measurement sessions using repeated-measures 
analysis of variance, though no significant difference was found for any variable.  In 
other words, the TEM is small and essentially random—as it should be. 
 
 
Abbreviations for Variables Measured 
 
The following abbreviations were used for the measured variables described 
above (Table 3-3).  The abbreviations and the full name for these measurements are used 
interchangeably throughout the results section and appendices.   
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Table 3-3. Abbreviations used for measured variables.  
 
 Proper Variable Label    Abbreviation 
Overbite OB 
Overjet   OJ 
Midline deviation  Midline 
Buccal Segment Relationship, right side  BSR_R  
Buccal Segment Relationship, left side BSR_L  
Canine Relationship, right side                             Canine_R  
Canine Relationship, left side                                Canine_L  
Incisor Irregularity Index, Maxillary                Up IncIrreg 
Incisor Irregularity Index, Mandibular             Lo IncIrreg 
Arch Chord, Maxillary right Incisor to Canine             UChord R 1-3 
Arch Chord, Maxillary left Incisor to Canine                 UChord L 1-3 
Arch Chord, Maxillary right Incisor to first Molar        UChord R 1-6 
Arch Chord, Maxillary left Incisor to first Molar           UChord L 1-6 
Arch Chord, Mandibular left Incisor to Canine              LChord L 1-3 
Arch Chord, Mandibular right Incisor to first Molar     LChord R 1-6 
Arch Chord, Mandibular left Incisor to first Molar        LChord L 1-6 
Arch Depth, Maxillary                                                        U ArchDepth 
Arch Depth, Mandibular                                                     L ArchDepth 
Curve of Spee, right side C Spee R 
Curve of Spee, left side                            C Spee L 
Intercanine Width, Maxillary Mx 3-3 
First Premolar Width, Maxillary Mx 4-4 
Second Premolar Width, Maxillary Mx 5-5 
Intermolar Width, Maxillary Mx 6-6 
Intercanine Width, Mandibular Md 3-3 
First Premolar Width, Mandibular Md 4-4 
Second Premolar Width, Mandibular Md 5-5 
Intermolar Width, Mandibular Md 6-6 
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Statistical Analyses 
 
Data were entered into an Excel® spreadsheet (Microsoft Corporation, Redmond, 
WA) then transferred to the JMP® statistical package (SAS Institute Inc., Cary, NC).  
Exploratory data analysis (Tukey 1977) was performed, searching for outliers; those due 
to technical errors were corrected.   
 
Descriptive statistics were computed including arithmetic mean ( x ), standard 
deviation (sd), standard error of mean (sem), upper and lower 95% confidence limit (L2, 
L1), sample size (n), sample variance (s2), skewness (g1), kurtosis (g2), coefficient of 
variation (cv), number of cases missing, maximum value, median value (50th percentile), 
and minimum value.   
 
The null hypothesis was that the change in size of a variable from posttreatment to 
recall examination was not statistically different from zero.  All tests were two-tail 
evaluated at an alpha of 0.05.  No correction was made for multiple comparisons.  One-
sample t-tests (Sokal and Rohlf 1995) were used to evaluate whether a measured variable 
changed systematically from the end of treatment to the recall examination.  In practice 
the changes were calculated in Excel, and the JMP statistical package was used to test 
whether the change differed from zero.  That is, the actual mean change was tested 
against a hypothesized mean change of zero (df = n-1).  Similarly, one sample t-tests 
were used to evaluate in- treatment changes, for which a change in measured variables 
was expected.  A linear regression analysis was used to determine whether the amounts 
of in-treatment change were related to the posttreatment relapse.  
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CHAPTER 4.    RESULTS 
 
 
Sample Description 
 
 The sample consisted of 30 females who, as adolescents, had undergone 
orthodontic treatment for Class II malocclusions.  The ages for each subject at each 
examination are presented graphically in Figure 4-1.  Mean age at the start of treatment 
was 13.1 years.  All cases were treated during adolescence and treatment began either in 
the late mixed dentition phase or shortly after all permanent teeth had emerged 
(excluding third molars).  Treatment mechanics ranged from distalization with Wilson 
arch mechanics to use of class II intermaxillary elastics.  The average treatment time was 
2.9 years, and the mean age at the end of active treatment was 16.1 years.  The mean 
posttreatment recall duration was 12.2 years after the end of active treatment (median = 
12.0 years), and the average age at recall examination was 28.3 years.     
 
 
Changes between Examinations 
 
Tables 4-1, 4-2, and 4-3 are summary tables displaying the results of ANOVA 
tests evaluating differences among examinations while controlling for double 
determinations of the measurements.  Table 4-1 gives the results for ANOVA tests 
evaluating size differences for all of the measured variables among the three 
examinations.  As noted in the Methods section, these are mixed-model ANOVAS, where 
(Table 4-1) “Examination” tests for differences between the three examinations (a fixed 
effect).  Columns under the heading “Repetition” are tests for systematic differences 
between the double determinations of the measurements; this is a repeated-measure 
effect.  The third set of columns is labeled “Interaction,” and these test for the assumption 
of additivity between Examination and Repetition.  In brief, this test assesses whether the 
two sets of measurements (the repetitions) respond comparably among the three 
examinations.  In fact, none of the interaction effects achieve statistical significance (α = 
0.05) because the repeated measurements are highly concordant.  Table 4-2 shows results 
of mixed ANOVA analyses testing for changes between the pretreatment and 
posttreatment examinations, and Table 4-3 shows the results of mixed ANOVA analyses 
testing for changes between the posttreatment and recall examinations.  Tables 4-2 and 4-
3 are useful because the overall results listed in Table 4-1 test for differences among the 
three examinations, but when the differences are significant, the F-ratio does not disclose 
where the difference occurs.  Table 4-2 (treatment changes) and 4-3 (posttreatment 
changes) clarify this issue by pinpointing where the statistically significant changes 
occur.  
 
The descriptive statistics for each of the 29 dimensions measured at each of the 
three examinations are given in Appendix A.  The following descriptions in this chapter 
characterize the in-treatment and the posttreatment changes of each of the 29 dimensions 
measured in this cast analysis.  As described in the following paragraphs, there is a table 
of descriptive statistics that lists the changes that occurred (A) during the active 
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Figure 4-1. Plot of the ages at the three examinations for each of the 30 cases.   
Examinations are at the start of treatment (green), the end of treatment (blue), and the 
recall examination (red).   
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Table 4-1. Statistical results of mixed-model ANOVA tests for the in-treatment changes between examinations while 
controlling for repetitions of the measurements. 
 
  Examination   Repetition   Interaction  
 Variable F df P F df P F df P 
Overbite 13.65 2, 86 < 0.0001 0.00 1, 86 0.9892 2.60 2, 86 0.0805 
Overjet 25.46 2, 86 < 0.0001 3.19 1, 86 0.0776 0.59 2, 86 0.5552 
Midline 0.46 2, 86 0.6342 0.00 1, 86 0.9822 2.54 2, 86 0.0847 
BSR R 61.27 2, 81 < 0.0001 0.02 1, 81 0.9013 1.97 2, 81 0.1465 
Canine R 74.07 2, 81 < 0.0001 1.06 1, 81 0.3053 1.72 2, 81 0.1849 
BSR L 45.14 2, 85 < 0.0001 0.50 1, 85 0.4821 0.95 2, 85 0.3894 
Canine L 25.69 2, 80 < 0.0001 0.01 1, 80 0.9057 1.90 2, 80 0.1559 
Up Incisor Irreg. 55.01 2, 81 < 0.0001 0.06 1, 81 0.8144 2.66 2, 81 0.0763 
Lo Incisor Irreg. 28.95 2, 84 < 0.0001 3.74 1, 84 0.0565 2.78 2, 84 0.0677 
Up Chord R 1-3 3.07 2, 86 0.0513 0.96 1, 86 0.3311 0.92 2, 86 0.4026 
Up Chord R 1-6 1.10 2, 81 0.3367 2.97 1, 81 0.0886 0.45 2, 81 0.6365 
Up Chord L 1-3 4.15 2, 86 0.0190 0.61 1, 86 0.4382 0.84 2, 86 0.4353 
Up Chord L 1-6 0.87 2, 85 0.4231 0.57 1, 85 0.4509 0.03 2, 85 0.9738 
Lo Chord Rt 1-3 7.60 2, 86  0.0009 2.14 1, 86 0.1469 0.61 2, 86 0.5465 
Lo Chord R 1-6 3.97 2, 85 0.0225 2.16 1, 85 0.1451 0.49 2, 85 0.6120 
Lo Chord L 1-3 4.82 2, 86 0.0103 0.86 1, 86 0.3577 0.16 2, 86 0.8536 
Lo Chord L 1-6 3.94 2, 86 0.0230 3.56 1, 86 0.0624 0.48 2, 86 0.6207 
Up Arch Depth 2.26 2, 83 0.1110 0.08 1, 83 0.7828 1.33 2, 83 0.2688 
Lo Arch Depth 3.89 2, 85 0.0241 0.48 1, 85 0.4924 0.04 2, 85 0.9654 
Curve Spee R 19.48 2, 86 < 0.0001 1.33 1, 86 0.2528 0.97 2, 86 0.3838 
Curve Spee L 22.56 2, 85 < 0.0001 1.03 1, 85 0.3141 0.27 2, 85 0.7653 
Max. 3-3 Width 10.68 2, 86 < 0.0001 0.89 1, 86 0.3471 0.09 2, 86 0.9179 
Max. 4-4 Width 23.09 2, 84 < 0.0001 0.00 1, 84 0.9865 0.46 2, 84 0.6337 
Max. 5-5 Width 11.09 2, 85 < 0.0001 0.01 1, 85 0.9061 0.54 2, 85 0.5826 
Max. 6-6 Width 2.13 2, 85 0.1256 0.14 1, 85 0.7124 3.06 2, 85 0.0522 
 
Continued 
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Table 4-1. Continued. 
 
  Examination   Repetition   Interaction  
 Variable F df P F df P F df P 
Mand. 3-3 Width           9.13 2, 86 0.0003  0.04 1, 86 0.8515 2.45        2, 86 0.0922 
Mand. 4-4 Width 13.28 2, 86 < 0.0001 1.31 1, 86 0.2548 1.27 2, 86 0.2870 
Mand. 5-5 Width 5.39 2, 86 0.0062 0.72 1, 86 0.3990 0.27 2, 86 0.7631 
Mand. 6-6 Width 0.93 2, 85 0.3992 2.29 1, 85 0.1341 1.61 2, 85 0.2058 
 
Codes are: Left side (L), Right side (R), Upper arch (Up), Lower arch (Lo).  Inferential statistics are:  F-ratio of variance (F), 
degrees of freedom (df), and two-tail probability value (P). 
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Table 4-2. Mixed-model ANOVA tests for in-treatment changes. 
 
 Posttreatment1  Recall   Examination   Repetition   Interaction 
 Variable T1 T2 T1 T2 F P F P F P 
Overbite 4.4 4.3 2.5 2.5 23.92 < 0.0001 1.29 0.2616 0.07 0.7879 
Overjet 5.4 5.4 2.9 2.8 37.19 < 0.0001 3.60 0.0629 0.02 0.8989 
Midline 0.0 0.1 -0.1 -0.2 0.36 0.5489 0.39 0.5327 3.33 0.0731 
BSR R -2.7 -2.7 -0.4 -0.4 63.20 < 0.0001 1.09 0.3004 0.00 0.9821 
Canine R -3.4 -3.5 -0.9 -0.9 74.20 < 0.0001 1.85 0.1792 1.81 0.1844 
BSR L -2.5 -2.5 -0.3 -0.3 41.41 < 0.0001 0.05 0.8276 0.02 0.8882 
Canine L -3.5 -3.6 -1.2 -1.0 28.04 < 0.0001 0.17 0.6806 2.24 0.1410 
Up Incisor Irreg. 6.7 6.7 1.8 1.8 65.94 < 0.0001 2.19 0.1454 0.84 0.3642 
Lo Incisor Irreg. 4.8 4.8 1.4 1.4 58.56 < 0.0001 4.54 0.0377 4.54 0.0377 
Up Chord R 1-3 21.5 21.5 22.2 22.3 5.90 0.0183 1.59 0.2128 0.77 0.3840 
Up Chord R 1-6 43.7 43.7 43.5 43.5 0.08 0.7826 0.66 0.4183 0.04 0.8422 
Up Chord L 1-3 21.5 21.5 22.2 22.2 7.03 0.0104 0.29 0.5928 1.65 0.2035 
Up Chord L 1-6 43.8 43.8 43.5 43.5 0.36 0.5502 0.46 0.4998 0.02 0.8801 
Lo Chord R 1-3 16.4 16.4 17.1 17.1 12.34 0.0009 3.12 0.0828 0.13 0.7210 
Lo Chord R 1-6 39.6 39.6 39.4 39.4 0.23 0.6344 3.52 0.0657 0.25 0.6199 
Lo Chord L 1-3 16.4 16.4 17.1 17.1 7.91 0.0067 0.21 0.6520 0.08 0.7828 
Lo Chord L 1-6 40.0 39.9 39.6 39.6 0.59 0.4451 1.16 0.2860 0.18 0.6750 
Up Arch Depth 38.7 38.6 38.0 38.0 1.00 0.3219 0.05 0.8174 1.71 0.1958 
Lo Arch Depth 33.7 33.6 33.6 33.6 0.01 0.9304 0.27 0.6070 0.06 0.8073 
Curve Spee R 2.0 1.9 1.0 1.0 27.12 < 0.0001 2.02 0.1606 0.69 0.4080 
Curve Spee L 1.8 1.8 0.8 0.8 33.19 < 0.0001 0.89 0.3488 0.52 0.4730 
Max. 3-3 Width 36.5 36.5 38.4 38.4 19.30 < 0.0001 2.59 0.1132 0.36 0.5530 
Max. 4-4 Width 42.1 42.1 45.2 45.1 44.12 < 0.0001 0.05 0.8257 1.02 0.3171 
Max. 5-5 Width 47.3 47.3 49.6 49.6 20.28 < 0.0001 0.03 0.8525 0.72 0.4009 
Max. 6-6 Width 53.4 53.4 54.3 54.3 2.92 0.0927 1.92 0.1715 2.60 0.1121 
Mand. 3-3 Width 29.5 29.5 31.1 31.2 16.34 0.0002 1.93 0.1704 0.90 0.3462 
 
Continued 
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Table 4-2.   Continued. 
 
 Posttreatment  Recall   Examination   Repetition   Interaction 
 Variable T1 T2 T1 T2 F P F P F P 
Mand. 4-4 Width 37.3 37.3 39.7 39.7 22.20 < 0.0001 0.22 0.6438 2.06 0.1569 
Mand. 5-5 Width 43.9 43.9 45.6 45.6 9.85 0.0027 0.11 0.7398 0.19 0.6668 
Mand. 6-6 Width 51.2 51.2 51.8 51.9 1.11 0.2973 3.02 0.0875 1.41 0.2406 
 
1Least-square means of the variables at the pre- and posttreatment examinations with the first (T1) and second (T2) 
measurement sessions. 
 
 
46 
 
Table 4-3. Mixed-model ANOVA tests for posttreatment changes.1 
 
 Posttreatment   Recall   Examination   Repetition  Interaction 
 Variable T1 T2 T1 T2 F P F P F P 
Overbite 2.5 2.5 3.2 3.3 7.61 0.0078 1.42 0.2379 7.24 0.0093 
Overjet 2.9 2.8 3.5 3.4 7.46 0.0084 1.55 0.2181 0.99 0.3239 
Midline -0.1 -0.2 0.1 0.1 2.02 0.1603 1.91 0.1727 0.00 0.9974 
BSR R -0.4 -0.4 -0.1 -0.2 1.99 0.1644 0.71 0.4039 4.40 0.0408 
Canine R -0.9 -0.9 -0.6 -0.6 3.30 0.0747 0.11 0.7383 0.13 0.7194 
BSR L -0.3 -0.3 0.0 0.0 3.86 0.0543 0.90 0.3465 1.04 0.3122 
Canine L -1.2 -1.0 -1.0 -1.1 0.06 0.8137 0.52 0.4742 1.85 0.1789 
Up Incisor Irreg. 1.8 1.8 2.3 2.3 5.34 0.0244 0.85 0.3603 2.25 0.1390 
Lo Incisor Irreg. 1.4 1.4 3.7 3.7 37.79 < 0.0001 0.04 0.8351 0.04 0.8351 
Up Chord R 1-3 22.2 22.3 22.0 22.0 1.10 0.2982 0.85 0.3612 1.51 0.2245 
Up Chord R 1-6 43.5 43.5 42.9 42.9 1.51 0.2252 2.61 0.1121 0.90 0.3478 
Up Chord L 1-3  22.2 22.2 22.1 22.1 0.26 0.6141 2.36 0.1297 0.33 0.5679 
Up Chord L 1-6 43.5 43.5 43.1 43.1 0.63 0.4306 0.26 0.6136 0.00 0.9480 
Lo Chord R 1-3 17.1 17.1 16.4 16.4 11.56 0.0012 0.46 0.5007 0.46 0.5007 
Lo Chord R 1-6 39.4 39.4 38.4 38.4 5.85 0.0188 1.13 0.2917 0.82 0.3685 
Lo Chord L 1-3 17.1 17.1 16.6 16.6 6.50 0.0135 1.30 0.2595 0.09 0.7708 
Lo Chord L 1-6 39.6 39.6 38.7 38.7 4.41 0.0401 3.40 0.0703 0.27 0.6032 
U Arch Depth 38.0 38.0 37.4 37.4 1.32 0.2555 1.84 0.1808 0.00 0.9883 
L Arch Depth 33.6 33.6 32.5 32.4 7.46 0.0084 0.46 0.5001 0.02 0.9030 
Curve Spee R 1.0 1.0 1.1 1.1 0.54 0.4638 0.04 0.8483 0.22 0.6390 
Curve Spee L 0.8 0.8 1.0 1.0 1.49 0.2276 1.36 0.2491 0.27 0.6023 
Max. 3-3 Width 38.4 38.4 38.0 38.0 1.07 0.3055 0.57 0.4525 0.11 0.7430 
Max. 4-4 Width 45.2 45.1 44.4 44.4 2.51 0.1190 0.11 0.7386 0.61 0.4398 
Max. 5-5 Width 49.6 49.6 49.3 49.3 0.43 0.5145 0.04 0.8506 0.66 0.4193 
Max. 6-6 Width 54.3 54.3 54.4 54.5 0.08 0.7837 0.37 0.5474 6.78 0.0118 
 
Continued  
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Table 4-3.  Continued. 
 
 Posttreatment  Recall   Examination   Repetition  Interaction 
 Variable T1 T2 T1 T2 F P F P F P 
Mand. 3-3 Width 31.1 31.2 30.3 30.3 6.55 0.0132 0.00 0.9826 5.26 0.0255 
Mand. 4-4 Width 39.7 39.7 38.9 38.9 4.56 0.0369 3.19 0.0795 0.01 0.9206 
Mand. 5-5 Width 45.6 45.6 44.8 44.9 2.88 0.0951 0.42 0.5208 0.57 0.4517 
Mand. 6-6 Width 51.8 51.9 52.0 52.0 0.06 0.8155 2.45 0.1231 3.05 0.0863 
 
1Least-square means of the variables at the pre- and posttreatment examinations with the first (T1) and second (T2) 
measurement sessions. 
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phase of orthodontic correction and (B) following treatment, where changes are 
attributable to some combinations of growth, relapse, and ageing.  In addition, the 
posttreatment changes (“relapse”) of each of the variables are graphed using one-
millimeter intervals (Appendix B).  Studies of relapse commonly report the mean 
changes, but, even when the standard deviation also is reported, the reader gains little 
sense of the nature of the variability among subjects.  These histograms provide a visual 
sense of how dispersed the individuals in the sample are.  When the individuals’ changes 
are all clumped close together, the mean is representative of how the “average” patient 
responded.  When, however, the changes are dispersed across several millimeters, there is 
more individual (and less systematic) response following treatment.  Since the sample is 
reasonably homogenous (e.g., Class II nonextraction females treated by one specialist), 
the breadth of the responses (relapse) among cases is of interest.  These graphs also 
disclose outliers, which raises the question of why those people changed so little or so 
much.  Also described in the following paragraphs, there is a graph of the changes among 
means for each variable (Appendix C).  These graphs give a visual representation of the 
mean in-treatment and posttreatment changes that occurred.    
 
 
Overjet 
 
Overjet tended to be excessive at the pretreatment examination in these Class II, 
division 1 cases ( x  = 5.4 mm), and it was reduced significantly during treatment (P < 
0.0001), with an end-of-treatment mean of 2.8 mm (Figure C-1; Table B-1).  Overjet 
relapsed significantly across the decade following treatment, to an average of 3.5 mm at 
the recall examination.  In other terms, less than a millimeter of the circa 2.5 mm of 
correction was lost over the recall period.  The average of about 3 mm at the recall 
examination is within acceptable limits (e.g., Kelly and Harvey 1977), though individuals 
doubtlessly vary around this average.  About half of the patients evaluated had clinically 
minor relapse of overjet in the range of 0 to 1 mm.  Only one patient showed a 
posttreatment change of more than 4 mm (Figure B-1).  Over two-thirds (21/30) of the 
cases had posttreatment changes in overjet of less than 1 mm.   
 
 
Overbite 
 
 Overbite, like Overjet, tended to be excessive at pretreatment in these Class II 
cases ( x  = 4.3 mm).  Overbite decreased significantly (P < 0.0001) during treatment, 
from a pretreatment mean of 4.3 mm to 2.5 mm at the end of active treatment (Figure  
C-2; Table B-2).  A posttreatment increase, averaging 0.7 mm, was also highly 
significant (P = 0.0078).  One-third (37%) of the circa 2 mm of correction was lost 
during the posttreatment period, resulting in an average overbite of 3.2 mm at the recall 
examination.  Like overjet, the average overbite of about 3 mm at the recall examination 
is clinically within acceptable limits.  While the amount of posttreatment change in 
overbite ranged from -3 to +4 mm, two-thirds of the subjects experienced only minor 
changes ranging from -1 to +1 mm following treatment (Figure B-2).  Only two subjects 
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(2/30) had overjet increases of more than 2 mm between the posttreatment and recall 
examinations.    
 
 
Midline Deviation 
  
Based on the mixed ANOVA, no significant difference was evident between the 
three examinations for Midline Deviation.  The pretreatment mean was 0.04 mm, 
meaning there was an average of 0.04 mm deviation of the mandibular midline to the 
right.  The posttreatment mean was -0.15 mm and the mean at the recall examination was 
0.1 mm (Figure C-3; Table B-3).  The midline deviation was variable among individuals 
(ranging from -3.6 mm to +2.6 mm at the pretreatment examination) with some having 
deviation to the right and others to the left.  In most cases the in-treatment change showed 
a reduction in the amount of midline deviation with posttreatment values being closer to 0 
mm.  Interestingly, the long-term posttreatment changes (relapse) were not always in the 
opposite direction of the in-treatment correction.  In a few cases the midline actually 
deviated to the opposite direction at the recall examination than it had at the pretreatment 
examination.  Regardless of direction, 80% of the 30 patients evaluated had posttreatment 
changes of less than 1 mm in midline deviation (Figure B-3), with the range at recall 
examination of -1.2 mm to +1.9 mm.  The range of deviations at the recall examination 
was much less than that seen in the pretreatment examinations.  
 
 
Buccal Segment Relationship 
 
The average buccal segment relationship (BSR) at the start of treatment was -2.7 
mm on the right side (Table B-4) and -2.5 mm on the left side (Table B-5), with a range 
of -7.2 mm to -1.0 mm on the right side and -6.6 mm to 0.0 mm on the left side.  The 
negative values indicate that the mesiobuccal cusp tips of the maxillary first molars were 
ahead of (ventral to) the buccal grooves of the mandibular first molars in all cases, which 
is an expected finding for a sample of Class II subjects.  Correction of the Class II molar 
relationship was highly significant (P < 0.0001), resulting in a posttreatment BSR of -0.4 
mm on the right side (Figure C-4) and -0.3 mm on the left side (Figure C-5).  The 
posttreatment ranges were from -1.7 mm to +0.8 mm on the right side and -1.9 mm to 
+0.6 mm on the left.   
 
The changes between the posttreatment and recall examinations failed to achieve 
statistical significance, but an interesting finding was that the mean BSR actually 
improved over the recall period rather than relapsing.  The mean buccal segment 
relationship at the recall examination was -0.2 mm on the right side and -0.02 mm on the 
left side.  Only 6 of the 30 cases showed posttreatment changes in the negative direction 
(indicating relapse towards Class II), while all others showed a positive posttreatment 
change which is toward a more Class I relationship (Figures B-4 and B-5).              
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Canine Relationship 
 
 The left and right canine relationships behaved similarly to the buccal segment 
relationships at the three examination periods.  The average pretreatment canine 
relationship was -3.5 mm on the right side and -3.6 mm on the left side, indicating a Class 
II relationship (Tables B-6 and B-7).  The pretreatment ranges were -7.2 mm to -1.1 mm 
on the right side and -8.4 mm to 0.0 mm on the left side.  Correction of the Class II 
relationship toward a Class I relationship was highly significant statistically (P < 0.0001) 
(Figures C-6 and C-7).  The mean canine relationships at the posttreatment examination 
were -0.9 mm on the right side and -1.1 mm on the left.  Like the buccal segment 
relationships, the canine relationships for both the right and left sides exhibited very little 
relapse, with the means actually showing minor improvements by the recall examination.  
The change between the posttreatment and the recall examinations failed to achieve 
statistical significance (P = 0.16 right and 0.075 left), disclosing good long-term stability.  
Only 9 (30%) of the 30 patients showed a negative change in canine relationship between 
the posttreatment examination and recall examination, indicating mild relapse toward a 
more Class II relationship (Figures B-6 and B-7).  The other 70% of subjects showed a 
mild improvement of 0 mm to 2 mm toward a more Class I relationship.   
 
 
Incisor Irregularity 
 
 The Incisor Irregularity (Little 1975) was the sum of the contact point deviations 
for all five incisor contacts.  The mean maxillary Incisor Irregularity at the pretreatment 
examination was 6.7 mm (Figure C-8; Table B-8).  It improved significantly (P < 0.0001) 
during treatment, resulting in a posttreatment mean maxillary Incisor Irregularity of 1.8 
mm (Figure C-8).  Only about 0.5 mm of the 5.0 mm (10%) of correction in Incisor 
Irregularity was lost during the recall period, resulting in a mean of 2.3 mm at recall 
examination.  The posttreatment change was statistically significant (P = 0.0244), but 0.5 
mm of change probably is clinically insignificant when distributed among five contact 
points.  Figure B-8 shows that 20 of the 30 cases showed a positive change (relapse) in 
Incisor Irregularity during the recall interval.  Of these 20 cases, 12 cases showed less 
than 1 mm of relapse, and no case exhibited more than 3 mm of relapse.  
  
The amount of posttreatment change for each individual contact point was not 
significantly different from the right to left side.  Points A and E (contacts between the 
lateral incisors and canines) showed slightly less posttreatment change than the other 
contact points with average posttreatment changes of 0.23 mm and 0.21 mm respectively.  
Points B, C, and D (contacts between incisors) showed posttreatment changes of 0.29 
mm, 0.32 mm and 0.32 mm respectively indicating that more relapse occurs between the 
incisor contact points than between the lateral incisor and canine contact.      
 
Mandibular Incisor Irregularity was the variable that showed the greatest amount 
of relapse.  There was significant (P < 0.0001) improvement of mandibular Incisor 
Irregularity during treatment, from a pretreatment mean of 4.8 mm to a posttreatment 
mean of 1.4 mm (Figure C-9, Table B-9).  The change between the posttreatment and 
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recall examinations was also highly significant (P < 0.0001).  Average Incisor Irregularity 
at the recall examination was 3.7 mm, which is just slightly greater than the limit of 3.5 
mm set by Little (1975) for acceptable alignment.  Nearly 2/3 of the treatment correction 
was lost during the recall period, but many cases (50%) had mandibular Incisor 
Irregularity below the acceptable limit of 3.5 mm at the recall examination.  There was a 
large range of mandibular Incisor Irregularity during the recall examination from 0.8 mm 
up to 8.6 mm.  Figure B-9 shows that the amount of relapse seen among the cases was 
also highly variable.  About half of the cases (17/30; 57%) experienced relapse of less 
than 3 mm during the recall period, but only 8 cases had relapses of less than 1 mm.  Two 
cases exhibited relapses of more than 6 mm, while all other cases relapsed less than 5 
mm.     
 
When evaluating the individual contact point deviations, all interproximal contact 
point showed similar behaviors.  All points showed an improvement in deviation of 
approximately 1 mm, and a relapse of approximately 0.2 mm.  
 
 
Arch Chords 
 
 Maxillary incisor-to-canine (1-3) chord changed significantly between the three 
examinations, both for the right and left sides (P = 0.051 and P = 0.019, respectively).  
The maxillary incisor-to-molar (1-6) chord, however, failed to show a significant change 
between the three examinations (P = 0.337 right side and P = 0.423 left side).  Maxillary 
incisor-to-canine (1-3) chord increased significantly on the right side (P = 0.018) from a 
pretreatment mean of 21.5 mm to 22.3 mm (Figure C-10; Table B-10) and on the left side 
(P = 0.010) from a  pretreatment mean of 21.5 mm to 22.2 mm at the postreatment 
examination (Figure C-11; Table B-11).  During the recall period the maxillary incisor-
to-canine (1-3) chord decreased very slightly resulting in a mean of 22.0 mm on the right 
side and 22.1 mm on the left side,  but, these changes were not statistically significant (P 
= 0.298 right side and P = 0.614 left side).  In all but two cases, the amount of 
posttreatment change in maxillary incisor-to-canine (1-3) chord was less than 1 mm for 
both the right and left sides (Figures B-10 and B-11).    
  
Although the maxillary incisor-to-molar (1-6) chord did not undergo a statistically 
significant change between the three examinations, the means seemed to decrease very 
slightly with time.  On the right side, the maxillary 1-6 chord had means of 43.7 mm at 
pretreatment, 43.5 mm at posttreatment and 42.9 mm at recall examination (Table B-12).  
Similarly, on the left side the means for maxillary 1-6 chord were 43.8 mm at 
pretreatment, 43.5 mm at posttreatment and 43.1 mm at recall examination (Table B-13).  
All cases exhibited very little change in maxillary incisor-to-molar chord during the recall 
interval with 80% of cases altering less than 1 mm on the right side and 70% of cases 
altering less than 1 mm on the left side (Figures B-12 and B-13).    
  
Mandibular incisor-to-canine (1-3) chord length changed significantly during 
treatment and posttreatment on both the right and left sides (P = 0.0009 and P = 0.010, 
respectively).  The mean mandibular incisor-to-canine (1-3) chord was 16.4 mm on the 
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right side at the pretreatment examination (Figure C-14; Table B-14).  The chord 
increased significantly (P = 0.0009) to a posttreatment mean of 17.1 mm, but returned to 
a mean of 16.5 mm at the recall examination.  The posttreatment change (relapse) was 
statistically significant (P = 0.001), and the mean at the recall examination was only 0.05 
mm greater than the pretreatment mean in these nonextraction cases.  Nearly all of the 0.7 
mm treatment increase in lower right incisor-to-canine chord was lost during the 
posttreatment period.  Similarly, on the left side, the pretreatment mandibular incisor-to-
canine (1-3) chord was 16.4 mm (Figure C-15; Table B-15).  This dimension increased 
during treatment to a mean of 17.1 mm at the posstreatment examination.  The mean 
mandibular incisor-to-canine (1-3) chord on the left side decreased to a mean of 16.6 mm 
at the recall examination, and the change among the examination periods was statistically 
significant (P = 0.007 for treatment change and P = 0.014 for relapse).  Much like on the 
right side, only 0.2 mm of the 0.7 mm treatment increase was maintained over the long-
term.  Two-thirds of the cases showed a relapse of 0 to 1 mm in mandibular incisor-to-
canine (1-3) chord, while 20% (6 cases) showed a relapse of 1 to 2 mm (Figures B-14 and 
B-15).  The remaining 3 cases showed slight increases in mandibular incisor-to-canine 
(1-3) chord over the long-term.   
 
The mandibular incisor-to-molar (1-6) chord also varied significantly during 
treatment and posttreatment on both right and left sides (P = 0.023 and P = 0.023, 
respectively).  Both sides showed a decreasing trend over time (Figures C-16 and C-17), 
which could be consistent with the concept of mesial drifting of the mandibular first 
molar over time.  On the right side, the pretreatment mean incisor-to-molar (1-6) chord 
decreased slightly during treatment from 39.6 mm to 39.4 mm (Table B-16).  However, 
this in-treatment change was not statistically significant (P = 0.634).  The posttreatment 
decrease of about 1 mm (from 39.4 mm posttreatment to 38.5 mm at recall) was 
statistically significant (P = 0.019).  Similarly, on the left side, the slight in-treatment 
decrease in mandibular incisor-to-molar (1-6) chord from 40.0 mm to 39.6 mm was not 
statistically significant (P = 0.4451) (Table B-17).  However, the nearly 1 mm decrease 
over the recall period from 39.6 mm to 38.7 mm was significant statistically (P = 0.040).  
Individually, all but three cases showed further posttreatment decreases in incisor-to-
molar (1-6) chord on the right and left sides (Figures B-16 and B-17).   
 
 
Arch Depths 
 
 Maxillary and mandibular arch depths decreased slightly during treatment, but the 
in-treatment changes did not achieve statistical significance (P = 0.322 and P = 0.930, 
respectively) (Figures C-18 and C-19).  The arch depths decreased further during the 
posttreatment interval, but only the posttreatment change in mandibular arch depth was 
significant statistically (P = 0.008).  Table B-18 shows that the mean maxillary arch depth 
decreased from 38.6 mm to 38.0 mm during treatment, and further decreased to 37.4 mm 
at the recall examination.  Table B-19 shows a comparable trend for the mandibular arch.  
The mandibular arch depth decreased nonsignificantly (from 33.7 mm to 33.6 mm) 
during treatment, but further decreased significantly to 32.4 mm during the recall period.   
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As with several of the other variables, individual cases showed a wide variation.  
80% of the cases showed a decrease in maxillary arch depth over the long term, while 
86% of cases showed a decrease in the mandibular arch depth.  The amount of decrease 
varied from 0 to 2 mm in the maxillary arch and 0 to 4 mm in the mandibular arch 
(Figures B-18 and B-19).   
 
 
Curve of Spee 
 
 The curve of Spee on both the right and left sides decreased significantly (P < 
0.0001 on both sides) during treatment.  There was a very slight increase (deepening) in 
curve of Spee on the right and left sides following treatment, but this posttreatment 
change did not achieve statistical significance (P = 0.464 and P = 0.228, respectively) 
(Figures C-20 and C-21).  The mean curve of Spee on the right side decreased from 1.9 
mm to 1.0 mm during treatment, and relapsed very slightly to a mean of 1.1 mm at recall 
examination (Table B-20).  Only 10% or 0.1 mm of correction was lost during the recall 
period.  The relapse was both statistically and clinically insignificant.  The mean curve of 
Spee on the left side decreased from 1.8 mm to 0.8 mm during treatment, and relapsed to 
a mean of 1.0 mm at the recall examination (Table B-21).  Again, the relapse was 
statistically and clinically insignificant.  While some variation was seen among individual 
cases, a majority of the cases showed less than 1 mm of posttreatment change in curve of 
Spee (Figures B-20 and B-21).  Overall, the curve of Spee on both the right and left sides 
remained quite stable over the long-term recall period. 
 
 
Arch Widths 
 
 In the maxillary arch, significant changes were seen during treatment and 
following treatment in intercanine (3-3) and both interpremolar (4-4 and 5-5) arch widths 
(P < 0.0001).  No significant change occurred in maxillary intermolar (6-6) width (P = 
0.126).  The maxillary intercanine width increased significantly during treatment from a 
pretreatment mean of 36.5 mm to 38.4 mm at posttreatment examination (Figure C-22; 
Table B-22).  The posttreatment change in maxillary intercanine width was minor and 
statistically insignificant.  The mean maxillary intercanine width at the recall examination 
was 38.0 mm, which is just 0.4 mm less than the posttreatment mean.  Only 0.4 mm 
(20%) of the roughly 2.0 mm of canine expansion during treatment was lost during the 
posttreatment period.  Similarly, the maxillary interpremolar (4-4 and 5-5) arch widths 
were expanded significantly during treatment (P < 0.0001), but showed statistically 
insignificant changes thereafter (P = 0.119 and 0.515, respectively).  The maxillary 4-4 
arch width increased during treatment from a pretreatment mean of 42.1 mm to a 
posttreatment mean of 45.2 mm (Figure C-23; Table B-23).  The mean maxillary 4-4 arch 
width decreased slightly during the posttreatment period to a mean of 44.4 mm at the 
recall examination.  The mean possttreatment change of about 0.8 mm was insignificant 
statistically.  The mean maxillary 5-5 arch width increased significantly during treatment 
from 47.3 mm to 49.6 mm (Figure C-24; Table B-24).  The mean 5-5 arch width at the 
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recall examination was 49.3 mm, just 0.3 mm less than the posttreatment mean.  Again, 
the posttreatment relapse was statistically insignificant.   
 
The mean maxillary intermolar width (6-6) increased slightly during treatment 
from a pretreatment mean of 53.4 mm to a posttreatment mean of 54.3 mm (Figure C-25; 
Table B-25).  Interestingly, the mean maxillary intermolar (6-6) width, showed a slight 
further increase during the posttreatment period to a mean of 54.4 mm at the recall 
examination.  However, neither the in-treatment changes nor the posttreatment changes in 
maxillary intermolar (6-6) width achieved statistical significance.   
 
A majority of the cases showed less than 1 mm of change in intercanine (3-3) 
width and both interpremolar (4-4 and 5-5) arch widths during the posttreatment interval 
(Figures B-22, B-23 and B-24).  Figure B-25 shows that the intermolar widths were more 
variable, with 19 cases showing a slight increase in intermolar width during the 
posttreatment period, 8 cases showing 0 to 1 mm of relapse, and 1 case showing 1 to 2 
mm of relapse.   
 
The results for mandibular arch widths were similar to those for maxillary arch 
widths but showed slightly more change following treatment.  There were significant 
changes during treatment and following treatment for intercanine (3-3) and both 
interpremolar (4-4 and 5-5) arch widths (P = 0.003, P < 0.0001 and P = 0.006, 
respectively), but no significant differences in the intermolar (6-6) widths (P = 0.399).   
Mandibular intercanine (3-3) width increased significantly (P = 0.0002) during treatment 
from a pretreatment mean of 29.5 mm to a posttreatment mean of 31.1 mm, then 
decreased significantly (P = 0.013) to a mean of 30.3 mm at recall examination (Figure 
C-26; Table B-26).  Roughly 50% of the mandibular intercanine expansion, achieved 
during treatment, was lost during the posttreatment interval.  The mandibular 4-4 width 
increased significantly (P < 0.0001) during treatment from a pretreatment mean of 37.3 
mm to a posttreatment mean of 39.7 mm, then decreased significantly (P = 0.037) to a 
mean of 38.9 mm at recall examination (Figure C-27; Table B-27).  Roughly 1/3 of the 
interpremolar (4-4) expansion gained during treatment was lost during the posttreatment 
period.  The mandibular 5-5 width increased significantly during treatment (P = 0.0027) 
from a pretreatment mean of 43.9 mm to a posttreatment mean of 45.6 mm (Figure C-28; 
Table B-28).  The mean mandibular 5-5 arch width decreased to a mean of 44.9 mm at 
recall examination, but the posttreatment change did not achieve statistical significance 
(P = 0.095).  The mandibular 5-5 arch width seemed to be more stable than the 
mandibular 4-4 or 3-3 widths.  It seems as though the arch width stability is enhanced 
moving posteriorly along the tooth row.  The mandibular intermolar width (6-6) 
increased slightly during treatment from a pretreatment mean of 51.2 mm to 51.8 mm at 
posttreatment examination (Figure C-29; Table B-29).  Much like in the maxillary arch, 
the mandibular intermolar width increased slightly farther during the posttreatment period 
to a mean of 52.0 mm at the recall examination.  Both the in-treatment and posttreatment 
changes in mandibular intermolar (6-6) width exhibited no statistical significance.  
Change of less than 1 mm between the three examination periods indicates good clinical 
stability of mandibular intermolar width over the long-term.   
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Figures B-26, B-27, B-28 and B-29 show that the posttreatment change of 
mandibular arch widths showed the greatest inter-individual variability of all the 
variables measured.  Posttreatment change in mandibular 3-3 width ranged from -3 mm 
to 1 mm.  Posttreatment change in mandibular 4-4 width ranged from -4 mm to 2 mm 
with 3 cases showing more than 2 mm of change.  Posttreatment change in mandibular 5-
5 arch width ranged from -3 mm to 2 mm, with 5 cases showing more than 2 mm of 
relapse.  The posttreatment change in the mandibular intermolar (6-6) width was less 
variable, with the posttreatment change ranging from -2 to 3 mm, and only 1 case 
showing more than 1 mm of change.    
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CHAPTER 5.    DISCUSSION 
 
 
The present study analyzes a collection of dental casts to evaluate the amount and 
type of long-term, posttreatment relapse.  The cast series consists of female, Class II 
patients treated by a single experienced orthodontist in a private practice setting.  These 
findings can also be compared to those in the orthodontic literature, and the consistency 
between our findings and current knowledge on stability and relapse can be evaluated.  
 
While it is difficult to identify the exact causes for relapse, it is important to have 
knowledge of the factors associated with instability and appropriately anticipate 
posttreatment changes.   Joondeph and Riedel (1994) reviewed the orthodontic literature 
and summarized the current knowledge of orthodontic stability and relapse into the 
following nine claims: 
 
1. Teeth that have been moved have a tendency to return to their former positions. 
2. Elimination of the cause of the malocclusion will prevent recurrence. 
3. Malocclusion should be overcorrected as a safety factor. 
4. Proper occlusion is a potent factor in holding teeth in their corrected positions. 
5. Bone and adjacent tissues must be allowed time to reorganize around newly 
positioned teeth.   
6. If the mandibular incisors are placed upright over the basal bone, they are more 
likely to remain in good alignment. 
7. Corrections carried out during periods of growth are less likely to relapse. 
8. The further the teeth are moved, the less likelihood there is of relapse.   
9. Arch form, particularly the mandibular arch, cannot be permanently altered by 
appliance therapy.   
 
More recently, Little (2009) summarized the lessons he has learned from his 
numerous studies of posttreatment relapse.  The following 16 generalizations or “clinical 
lessons” were offered: 
 
1. There is so much that we don’t know. 
2. Expand the mandibular arch at your own risk. 
3. Some are the lucky ones. 
4. Early stability is a mirage. 
5. Rotated teeth tend to relapse, usually toward their initial positions. 
6. Lingual versus labial or buccal relapse in unpredicatable. 
7. Life-long retention is life-long insurance. 
8. Extraction of “wisdom teeth” is not necessarily a wise choice. 
9. Younger is not necessarily better. 
10. The upper arch fares much better than the lower in most cases.   
11. Arch development is the riskiest treatment in terms of stability. 
12. Maintain—don’t change—the arch-form.   
13. Constricted maxillary arches are more amenable to expansion than constricted 
mandibular arches. 
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14. Alignment stability is improved by maintaining leeway space.   
15. Facial growth is not useful in correcting crowded arches.   
16. “Return to normal physiology” may be a more correct description of the post-
retention process than “relapse.”   
 
These lessons can be applied to the present study to explain some of the results found in 
our homogeneous group of American white females who presented with a Class II 
malocclusion and were treated without extraction.   
 
 
Sample Description 
 
 The present sample consists of 30 females with a mean pretreatment age of 13.1 
years.  The average treatment time was 2.9 years, and the mean age at the end of active 
treatment was 16.1 years.  The mean posttreatment recall duration was 12.2 years from 
the end of active treatment, and the average age at recall examination was 28.3 years.   
 
Table 5-1 gives the sample description of the present study and some previous 
long-term studies.  The commonly cited “Seattle studies” conducted by Little et al. 
(1981) had mean ages at each examination similar to the present study.  This sample was 
recalled 20+ years posttreatment and described by Little et al. (1988).  The sample of 
Paquette et al. (1992) was also similar to the present study for both the extraction and 
non-extraction groups.  Paquette’s cases were evaluated an average of 14.5 years after 
treatment completion.  The sample evaluated by Reidel et al. (1991) was slightly older 
than the sample in the present study and had higher mean ages at all three examination 
periods.  The samples evaluated by Sadowsky et al.  (1994) and Moussa (1995) are 
somewhat younger than the sample in the present study and these cases were only 
evaluated a mean of 8.3 years and 6.3 years posttreatment, respectively.  Therefore, the 
samples studied by Little et al. (1981) and Paquette et al.  (1992) provide the best basis of 
comparison to the present study. 
 
 
Overjet and Overbite 
 
In the present study, overjet tended to be excessive at the pretreatment 
examination ( x  = 5.4 mm), as would be expected for Class II, division 1 cases.  The 
overjet was reduced significantly during treatment (P < 0.0001), with an end-of-treatment 
mean of 2.8 mm.  Overjet increased significantly across the decade following treatment, 
to an average of 3.5 mm at the recall examination.  A mean of 0.7 mm of the circa 2.6 
mm of correction was lost over the recall period, indicating a relapse of about 26% of the 
treatment correction.  Figure 5-1 provides a visual representation of the treatment 
correction and posttreatment change in overjet and overbite.  Table 5-2 presents the mean 
overjet values at each examination for the present study and other long-term studies.  The 
findings of Paquette et al. (1992) show slightly more 
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Table 5-1. Sample size, sex, and average age at each examination for present study and previous long-term stability 
studies.  
 
  Sample Sizes   Ages    Recall Extraction 
 Author  T1 T2 T3 T1 T2 T3 Duration Pattern 
Present Study 30  30 13.1 16.1 28.3 12.2 NE 
Little et al. 1981 65 24 41 13 15.2 30.1 14.9 E 
Little et al. 1988 31   13.2 15.5 43.3 27.8 E 
Little 1990 26   10.1 13.7 25.8 12.1 NE 
Paquette et al. 1992 33 13 20 12.5 14.4 28.8 14.4 E 
Paquette et al. 1992 30 19 11 12.6 14.2 28.7 14.5 NE 
Riedel et al. 1991 24 9 15 19.1 22.3 34.5 12.2 E 
Riedel et al. 1991 18 6 12 15.2 17.2 36.3 19.1 NE 
Sadowsky et al. 1994 22 6 16 10.9 13.9 22.2 8.3 NE 
Moussa 1995 55 16 39 12.1 15.7 22.0 6.3 NE 
Årtun et al.1996 (Cl 2) 78 33 45 11.2  31.1  E/NE 
Vaden et al. 1997 36 7 29 13.2 15.3 21.6 6.3 E 
 
Codes are start of treatment (T1), end of treatment (T2), and recall examination (T3).  Extraction pattern is defined as 
extraction of permanent teeth (E) and no extraction of permanent teeth (NE).   
Adapted with permission.  Vondran CA.  Long-term postorthodontic treatment stability: a cast analysis.  Memphis:  University 
of Tennessee, School of Dentistry; 200, and personal communication from James Boley, Sept. 15, 2008. 
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Figure 5-1. Mean treatment and posttreatment changes in overjet and overbite 
found in the present study. 
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Table 5-2. Mean overjet values (mm) at pretreatment (T1), posttreatment (T2) 
and long-term recall examination(T3) for various long-term stability studies. 
 
 Author Ext     T1      T2      T3  T2-T1  T3-T2      Recall (Yrs) 
Present Study NE 5.4 2.8 3.5 -2.6 0.7 12.2 
Paquette et al. 1992 E 7.9 2.8 4.8 -5.1 2.0 14.5 
Paquette et al. 1992 NE 7.7 3.0 4.3 -4.7 1.3 14.5 
Årtun et al. 1996 (Cl.2) E 8.8 2.5 3.1 -6.3 0.6 14 
Årtun et al. 1996 (Cl.2) NE 8.7 2.5 2.9 -6.2 0.4 14 
Vaden et al. 1997 E 5.6 2.7 2.9 -2.9 0.2 15 
 
Codes are extraction pattern (Ext), start of treatment (T1), end of treatment (T2), and 
recall examination (T3).  Extraction pattern is defined as extraction of permanent teeth 
(E) and no extraction of permanent teeth (NE).   
Adapted with permission.  Vondran CA.  Long-term postorthodontic treatment stability: a 
cast analysis.  Memphis:  University of Tennessee, School of Dentistry; 200,  and 
personal communication from James Boley, Sept. 15, 2008. 
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relapse than that seen in the present sample with relapse of 30-39% of the treatment 
correction.  On the other hand, the cases evaluated by Årtun et al. (1996) and Vaden et al. 
(1997) show a relapse of less than 10% of treatment correction.   
 
The posttreatment increase in overjet seen in these posttreatment studies can be 
attributed predominantly to true relapse rather than a normal function of aging.  Harris 
(1997) reported that in an untreated sample, only minor changes in overjet (mean of 0.1 
mm) occurred between the ages of 20 and 54 years.  When comparing treated and 
untreated samples, Sinclair and Little (1983) found that the treated cases showed 
increases in overbite and overjet over the long-term , while the untreated sample showed 
very mild decreases over time.  The overjet in treated cases has a tendency to return 
toward its pretreatment condition.  This concept agrees with theorem 1 given by 
Joondeph (2005).   
 
Overbite in the present sample, like Overjet, tended to be excessive at 
pretreatment in these Class II cases ( x  = 4.3 mm).  Overbite decreased significantly (P < 
0.0001) during treatment, from a pretreatment mean of 4.3 mm to 2.5 mm at the end of 
active treatment.  A posttreatment change, averaging 0.7 mm, was also highly significant 
(P = 0.0078).  One-third (37%) of the circa 2 mm of correction was lost during the 
posttreatment period, resulting in an average overbite of 3.2 mm at the recall 
examination.  A relapse of only 37% in the present sample was more favorable than the 
relapse percentages reported in other studies.  The mean value for overbite at each of the 
three examination periods for the present study and various other long-term studies are 
given in Table 5-3.  Studies by Paquette et al. (1992), Årtun et al. (1996) and Vaden et al. 
(1997) all showed relapses in overbite of over 70%.  The most dramatic relapse 
percentage for overbite was seen in the extraction sample studied by Paquette et al. 
(1992) in which a mean of 2.3 mm of the 2.6 mm correction was lost over the recall 
period.   
 
Again, these long-term changes in overbite can be attributed mostly to relapse 
rather than physiological effects of aging.  Harris (1997) found a mean decrease of 0.3 
mm in overbite in untreated subjects evaluated from 20 years to 54 years of age.  Sinclair 
and Little (1983) found that treated cases showed increases in overbite over the long-term 
, but  an untreated sample showed very mild decreases over time.  As with overjet, the 
increase in overbite over the long-term in treated case is a function of the tendency for 
teeth to return toward their pretreatment position.  Incisor Irregularity 
 
In the present study, the mean maxillary Incisor Irregularity at the pretreatment 
examination was 6.7 mm.  It improved significantly (P < 0.0001) during treatment, 
resulting in a posttreatment mean of 1.8 mm. Only about 0.5 mm of the 5.0 mm (10%) of 
correction in Incisor Irregularity was lost during the recall period resulting in a mean of 
2.3 mm at recall examination.  The posttreatment change was statistically significant (P = 
0.0244), but 0.5 mm of change probably is clinically insignificant when distributed 
among five contact points.  The findings in the present study for maxillary and 
mandibular Incisor Irregularity agreed with lesson #10 presented by Little (2009).  In this 
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Table 5-3. Mean overbite values (mm) at pretreatment (T1), posttreatment (T2) 
and long-term recall examination(T3) for various long-term stability studies. 
 
 Author Ext     T1      T2      T3  T2-T1  T3-T2      Recall (Yrs) 
Present Study NE 4.3 2.5 3.2 -1.8 .7 12.2 
Paquette et al. 1992 E 3.9 1.3 3.6 -2.6 2.3 14.5 
Paquette et al. 1992 NE 3.2 1.3 2.6 -1.9 1.3 14.5 
Årtun et al. 1996 (Cl.2) E 4.2 3.1 3.9 -1.2 0.9 14 
Årtun et al. 1996 (Cl.2) NE 4.5 2.8 3.8 -6.2 0.4 14 
Vaden et al. 1997 E 3.5 2.5 3.2 -1.0 0.7 15 
 
Codes are extraction pattern (Ext), start of treatment (T1), end of treatment (T2), and 
recall examination (T3).  Extraction pattern is defined as extraction of permanent teeth 
(E) and no extraction of permanent teeth (NE).   
Adapted with permission.  Vondran CA.  Long-term postorthodontic treatment stability: a 
cast analysis.  Memphis:  University of Tennessee, School of Dentistry; 2001 and 
personal communication from James Boley, Sept. 15, 2008. 
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 study, the maxillary arch did fare much better than the mandibular arch with respect to 
the Incisor Irregularity.   
 
Mandibular Incisor Irregularity was the variable that showed the greatest amount 
of relapse.  The change in mandibular Incisor Irregularity between all three examinations 
was highly significant (P < 0.0001).  There was significant (P < 0.0001) improvement of 
mandibular Incisor Irregularity during treatment, from a pretreatment mean of 4.8 mm to 
a posttreatment mean of 1.4 mm, but the change between the posttreatment and recall 
examinations was also highly significant (P < 0.0001).  Average Incisor Irregularity at the 
recall examination was 3.7 mm, which is just slightly greater than the limit of 3.5 mm set 
by Little (1975) for acceptable alignment.  Nearly 2/3 of the treatment correction was lost 
during the recall period (68%).  43% of cases had mandibular Incisor Irregularity below 
the acceptable limit of 3.5 mm at the recall examination.  There was a large range of 
mandibular Incisor Irregularity at the recall examination from 0.8 mm to 8.6 mm, 
indicating a great deal of individual variability over the long-term.  Figure 5-2 is a graph 
of the number of cases above and below 3.5 mm of irregularity at each of the three 
examination periods.  An irregularity below 3.5 mm was determined by Little (1975) to 
be clinically acceptable, while irregularity above 3.5 mm is commonly deemed 
unacceptable.   
 
When comparing the changes in mandibular Incisor Irregularity over the long-
term found in our study with those in other studies, it is seen that a large variation in 
findings have been reported.  Little et al. (1981) reported that success at maintaining 
satisfactory mandibular alignment with an Irregularity Index of less than 3.5 mm at 10 
years posttreatment was less than 30%.  The present study found that 13 out of the 30 
cases evaluated (43%) had Incisor Irregularity of less than 3.5 mm at the recall 
examination.  The mean value for mandibular incisor irregularity at each of the three 
examination periods for the present study and various other long-term studies are given in 
Table 5-4.  While Little et al. (1981) had a greater percentage of subjects having 
unacceptable incisor alignment at the recall examination, the percent relapse after a mean 
of 14.9 years was 52%, which was less than that reported in the present study.  However, 
when these cases were evaluated again a mean of 27.8 years posttreatment, the percent 
relapse increased to 76%.  Paquette et al. (1992) found a relapse of 39% of the treatment 
correction in their extraction sample, but 63% in their non-extraction subjects, and this 
latter figure is similar to the finding of the present study of non-extraction cases.  Årtun et 
al. (1996) also found that the Class II cases treated with extraction of premolars showed 
better long-term stability than those treated without extraction.  In fact, the mean relapse 
in the non-extraction cases was greater than the mean amount of treatment correction.  
The mean mandibular incisor irregularity was greater at the long-term recall examination 
than it was at pretreatment.  A future study may be warranted to test whether cases 
treated with bicuspid extraction by Dr. Richard Williams show any less incisor relapse 
than that found in the non-extraction cases in the present study.     
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Figure 5-2. Plot of the number of cases (out of the sample of 30) with acceptable 
levels (< 3.5 mm) of mandibular incisor irregularity at the three examinations.  
RM Little (Clinical implications of the University of Washington post-retention studies.  
J Clin Orthod 2009;43:645-51) suggests that less than 3.5 mm of irregularity is 
esthetically acceptable.  At the recall examination, 17 of the 30 cases (57%) exceeded this 
limit. 
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Table 5-4. Mean values (mm) for Incisor Irregularity at pretreatment (T1), posttreatment (T2) and long-term recall 
examination (T3) for various long-term stability studies. 
 
                                                Extraction                                                                                           Recall                         Percent 
 Author Pattern T1 T2  T3  T2-T1  T3-T2       Duration (Yrs)  Relapse (%) 
Present Study NE 4.8 1.4 3.7 -3.4 2.3 12.2 67.6 
Little et al. (1981) E 7.3 1.7 4.6 -5.6 2.9 14.9 51.8 
Little et al. (1988) E 7.4 1.7 6.0 -5.8 4.4 27.8 75.9 
Paquette et al. 1992 E 6.5 0.6 2.9 -5.9 2.3 14.5 39.0 
Paquette et al. 1992 NE 5.1 0.5 3.4 -4.6 2.9 14.5 63.0 
Årtun et al. 1996 (Cl.2) E 5.3 0.9 4.1 -4.4 3.1 14 70.5 
Årtun et al. 1996 (Cl.2) NE 2.8 1.1 3.6 -1.7 2.6 14 153.9 
Vaden et al. 1997 E 4.7 0.0 1.6 -4.7 1.6 15 34.0 
 
Codes are start of treatment (T1), end of treatment (T2), and recall examination (T3).  Extraction pattern is defined as extraction of 
permanent teeth (E) and no extraction of permanent teeth (NE).   
Adapted with permission.  Vondran CA.  Long-term postorthodontic treatment stability: a cast analysis.  Memphis:  University of 
Tennessee, School of Dentistry; 2001, and personal communication from James Boley, Sept. 15, 2008. 
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Arch Widths  
 
 The maxillary arch widths in the present study remained relatively stable during 
the posttreatment period.  All arch widths (3-3, 4-4, 5-5, and 6-6) were expanded slightly 
during treatment, but showed relapse of less than 25% of the treatment correction.  The 
arch width expansion achieved during treatment was a combination of labial tipping or 
uprighting of the teeth as well as bodily movement in the labial direction.  The 
posttreatment change was statistically insignificant for all maxillary arch width 
dimensions measured.  Figure 5-3 gives a summary of the amount of treatment and 
posttreatment changes in the maxillary and mandibular arch widths.  The maxillary 
intercanine width  increased during treatment from a pretreatment mean of 36.5 mm to 
38.4 mm at the posttreatment examination.  The mean maxillary intercanine width at the 
recall examination was 38.0 mm, which is just 0.4 mm less than the posttreatment mean.  
Only 0.4 mm (20%) of the roughly 2.0 mm of canine expansion during treatment was lost 
during the posttreatment period.  Similarly, the maxillary interpremolar (4-4 and 5-5) 
arch widths were expanded significantly during treatment, but showed statistically 
insignificant relapse.  The mean maxillary intermolar width (6-6) increased slightly 
during treatment from a pretreatment mean of 53.4 mm to a posttreatment mean of 54.3 
mm, and showed a slight further increase during the posttreatment period rather than 
relapse.  Both the in-treatment changes and posttreatment changes in maxillary intermolar 
(6-6) width were so minor that they did not achieve statistical or clinical significance.  
The maxillary arch again fared better than the mandibular arch in terms of arch width 
stability, agreeing with the observation by Little (2009) that the maxillary arch shows 
better long-term stability than the mandibular dentition.    
  
The mandibular arch widths were also fairly stable but showed slightly more 
relapse than in the maxillary arch.  Mandibular intercanine (3-3) width was expanded 
during treatment from a pretreatment mean of 29.5 mm to a posttreatment mean of 31.1 
mm.  Slight canine expansion might be expected in non-extraction cases with crowded 
lower incisors, as arch expansion can be used for incisor alignment.  During the 
posttreatment interval the mandibular intercanine width decreased to a mean of 30.3 mm.  
47% of the mandibular intercanine expansion, achieved during treatment, was lost during 
the posttreatment period.  Table 5-5 shows how the mean intercanine widths seen at each 
examination in the present study compared to those seen in other studies.  Paquette et al. 
(1992) and Årtun et al. (1996) measured the intercanine distance from the canine cusp 
tips rather than the buccal heights of contour so the widths reported in those two studies 
are less than the means from the present study.  Vaden et al. (1997) measured the 
intercanine width in the same manner as was done in the present study.  Paquette et al. 
(1992) showed a relapse of 54.5% in mandibular intercanine width for both the extraction 
and non-extraction treatment groups, which was similar to the present study.  Vaden et al. 
(1997) also showed similar findings with relapse of 46% of the intercanine expansion.  
Årtun et al. (1996) found a much more dramatic reduction in mandibular intercanine 
width during the posttreatment interval.  In fact, the mean values for mandibular 
intercanine width at the recall examination were less than the mean intercanine width 
prior to treatment in both the extraction and non-extraction treatment groups.  These 
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Figure 5-3. Average Arch Width changes during treatment and during long-term 
recall period.   
Arch widths were expanded during treatment and had some constriction posttreatment.   
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Table 5-5. Mean mandibular intercanine width values (mm) at pretreatment (T1), posttreatment (T2) and long-term recall 
examination(T3) for various long-term stability studies. 
 
                                                Extraction                                                                                           Recall                         Percent 
 Author Pattern T1 T2  T3  T2-T1  T3-T2       Duration (Yrs)  Relapse (%) 
Present Study NE 29.5 31.1 30.3 1.7 -0.8 12.2 47.1 
Paquette et al. 1992 E 24.2 26.4 25.2 2.2 -1.2 14.5 54.5 
Paquette et al. 1992 NE 24.8 25.9 25.3 1.1 -0.6 14.5 54.5 
Årtun et al. 1996 (Cl.2) E 26.2 27.1 25.4 0.9 -1.8 14 200.0 
Årtun et al. 1996 (Cl.2) NE 26.2 26.6 25.3 0.4 -1.3 14 325.0 
Vaden et al. 1997 E 30.4 33.0 31.8 2.6 -1.2 15 46.2 
 
Codes are start of treatment (T1), end of treatment (T2), and recall examination (T3).  Extraction pattern is defined as extraction of 
permanent teeth (E) and no extraction of permanent teeth (NE).  Adapted with permission.  Vondran CA.  Long-term postorthodontic 
treatment stability: a cast analysis.  Memphis:  University of Tennessee, School of Dentistry; 200,  and personal communication from 
James Boley, Sept. 15, 2008. 
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results indicated that the mandibular intercanine width continued to decrease over the 
long-term.   
 
Although the treated cases in the present study, Paquette et al. (1992), Årtun et al. 
(1996), and Vaden et al. (1997) show decreased intercanine width over the long-term, 
similar decreases have not been found in untreated samples.  Harris (1997) reported on 
untreated subjects over a three-decade recall interval and found that the mandibular 
intercanine width increased by 0.1 mm over the long-term.  These finding imply that a 
posttreatment decrease in mandibular intercanine width is a function of relapse rather 
than a normal physiologic change.  As suggested by Little (2009), minimizing the 
treatment expansion of the mandibular intercanine distance may lead to better long-term 
stability.   
 
In the present study, the mandibular 4-4 width increased during treatment from a 
pretreatment mean of 37.3 mm to a posttreatment mean of 39.7 mm, then decreased 
slightly to a mean of 38.9 mm at recall examination.  Roughly 1/3 of the interpremolar 
(4-4) expansion gained during treatment was lost during the posttreatment period.  The 
mandibular 5-5 width increased during treatment from a pretreatment mean of 43.9 mm 
to a posttreatment mean of 45.6 mm and decreased slightly to a mean of 44.9 mm at 
recall examination.  It is impossible to determine from this study whether the arch width 
expansion achieved during treatment is a result of true expansion or buccal uprighting of 
the teeth.  It is probable that when using a straightwire appliance with the MBT 
prescription, premolars that are tipped lingually at the pretreatment examination will 
upright during treatment.  It can also be hypothesized that uprighted teeth would remain 
more stable over the long-term than those that were truly expanded.   
 
The mandibular intermolar width (6-6) increased slightly during treatment from a 
pretreatment mean of 51.2 mm to 51.8 mm at posttreatment examination and increased 
slightly farther during the posttreatment period to a mean of 52.0 mm at the recall 
examination.  The change in intermolar width was statistically insignificant and a change 
of less than 1 mm over the long-term is trivial clinically.  Change of less than 1 mm 
between the three examination periods indicates good clinical stability of mandibular 
intermolar width over the long-term and agrees with previous studies (Paquette et al. 
(1992), Årtun et al. (1996), Vaden et al. (1997)).  Table 5-6 shows pretreatment, 
posttreatment and recall values for mandibular intermolar width for various studies.  
 
The minor change in intermolar width observed in treated cases over the long-
term was different than that observed for untreated cases over a long-term period.  Harris 
(1997) reported that in untreated cases the mandibular intermolar width increased by a 
mean of 2.3 mm over a 34 year recall interval.  The arch form in these untreated subjects 
became more tapered over time because the intermolar width increased and the 
intercanine width remained unchanged.  This is in contrast to the arch form change seen 
in the treated cases where  intercanine width decreased over the long-term and intermolar 
width remained relatively unchanged.   
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Table 5-6. Mean mandibular intermolar width values (mm) at pretreatment 
(T1), posttreatment (T2) and long-term recall examination(T3) for various long-
term stability studies. 
 
 Author Ext     T1      T2      T3  T2-T1  T3-T2      Recall (Yrs) 
Present Study NE 51.2 51.8 52.0 0.6 0.2 12.2 
Paquette et al. 1992 E 41.6 41.0 41.2 -0.6 0.2 14.5 
Paquette et al. 1992 NE 43.3 45.1 45.8 1.8 0.7 14.5 
Årtun et al. 1996 (Cl.2) E 42.4 41.1 40.2 -1.3 0.9 14 
Årtun et al. 1996 (Cl.2) NE 43.7 44.8 44.7 1.1 -0.1 14 
Vaden et al. 1997 E 51.1 49.6 49.1 -1.5 -0.5 15 
 
Codes are extraction pattern (Ext), start of treatment (T1), end of treatment (T2), and 
recall examination (T3).  Extraction pattern is defined as extraction of permanent teeth 
(E) and no extraction of permanent teeth (NE).   
Adapted with permission.  Vondran CA.  Long-term postorthodontic treatment stability: a 
cast analysis.  Memphis:  University of Tennessee, School of Dentistry; 2001 and 
personal communication from James Boley, Sept. 15, 2008. 
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Arch Length 
 
 In the present study, the maxillary arch length (as measured by incisor-to-molar 
(1-6) chord) did not show a statistically significant difference among the three 
examinations, although the mean values seemed to decrease very slightly with time.  On 
the right side, the maxillary 1-6 chord had means of 43.7 mm at pretreatment, 43.5 mm at 
posttreatment and 42.9 mm at recall examination.  Similarly, on the left side the means 
for maxillary 1-6 chord were 43.8 mm at pretreatment, 43.5 mm at posttreatment and 
43.1 mm at recall examination.  All cases exhibited very little change in maxillary 
incisor-to-molar chord during the recall period.    
  
Mandibular arch lengths showed greater variation than in the maxilla.  
Mandibular incisor-to-canine (1-3) chord changed significantly among the three 
examinations on both the right and left sides.  The mean mandibular incisor-to-canine (1-
3) chord was 16.4 mm on the right side at the pretreatment examination, increased to a 
posttreatment mean of 17.1 mm, but returned to a mean of 16.5 mm at the recall 
examination.  The mean at recall examination was almost the same as the pretreatment 
mean.  Nearly all of the 0.7 mm treatment increase in lower right incisor-to-canine chord 
was lost during the posttreatment period.  Similarly, on the left side, the pretreatment 
mean mandibular incisor-to-canine (1-3) chord of 16.4 mm increased during treatment to 
a mean of 17.1 mm at the posstreatment examination and decreased to a mean of 16.6 
mm at the recall examination.  Only 0.2 mm of the 0.7 mm treatment increase was 
maintained over the long-term.  The increase in incisor-to-canine chord during treatment 
proved to be unstable over the long-term.   
 
For the mandibular incisor-to-molar chord (1-6), both sides showed a decreasing 
trend over time.  On the right side, the pretreatment mean incisor-to-molar (1-6) chord 
decreased slightly during treatment from 39.6 mm to 39.4 mm and decreased further to a 
mean of 38.5 mm at recall examination.  Similarly, on the left side, there was a slight in-
treatment decrease in mandibular incisor-to-molar (1-6) chord from 40.0 mm to 39.6 mm 
and a farther decrease over the recall period from 39.6 mm to 38.7 mm.  This long-term 
decrease in arch length is consistent with the findings of previous studies (Little, Wallen 
and Riede 1981; Little, Riedel and Årtun 1988; Little, Riedel and Stein 1990).  The long-
term decrease in arch-length also agrees with the maturational changes reported in 
untreated samples (Lundström 1969, Sinclair and Little 1983).  It has been suggested that 
this decrease in arch-length over the long-term can be attributed to the mesial migration 
of the posterior teeth, predominantly the first molars.   
 
 
Molar and Canine Relationship 
 
The average buccal segment relationship at the start of treatment was -2.7 mm on 
the right side and -2.5 mm on the left side.  The mesiobuccal cusp tips of the maxillary 
first molars were ahead of (ventral to) the buccal grooves of the mandibular first molars 
in all cases, which is an expected finding for a sample of Class II subjects.  Correction of 
the Class II molar relationship resulted in a posttreatment buccal segment relationship 
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close to 0 mm (-0.4 mm on the right side and -0.3 mm on the left side).  An interesting 
finding is that the mean buccal segment relationship continued to improve over the recall 
interval rather than showing any relapse.  The mean buccal segment relationship at the 
recall examination was -0.2 mm on the right side and -0.02 mm on the left side.  Only 6 
of the 30 cases showed posttreatment changes in the negative direction (indicating relapse 
towards Class II), while all others showed a positive posttreatment change (toward a 
more Class I relationship).  Figure 5-4 summarizes the in-treatment and posttreatment 
changes in buccal segment relationship.  This finding is significant because it implies that 
cases treated to a Class I relationship continue to grow in such a way that the Class I 
relationship was maintained rather than reverting to a Class II growth pattern.  This is an 
interesting contrast to the long-term growth seen in untreated subjects.  Harris and 
Behrents (1988) evaluated the long-term stability of the molar relationship in untreated 
individuals.  They found that of their 69 cases (sides) with Class I molar relationships at 
young adulthood, 100% remained Class I when recalled more than 30 years later.  But the 
Class II cases became more severely Class II over time (increased distocclusion).  The 
Class II cases showed a 24% increase in the Class II discrepancy.  The authors concluded 
that a Class I molar relationship is intrinsically the most stable molar relationship.  Class 
II cases tend to worsen in Class II discrepancy over the long-term in untreated 
individuals.  The present study shows that when Class II cases are treated to a Class I 
molar relationship, the Class I relationship remains stable over the long-term.   
 
The canine relationship showed a similar trend to the buccal segment relationship.  
The average pretreatment canine relationship was -3.5 mm on the right side and -3.6 mm 
on the left side.  Correction of the Class II relationship toward a Class I relationship 
resulted in mean canine relationships at the posttreatment examination of -0.9 mm on the 
right side and -1.1 mm on the left.  Like the buccal segment relationships, the canine 
relationships for both the right and left sides exhibited very little relapse, with the means 
actually showing minor improvement towards a more Class I relationship by the recall 
examination, suggesting that Class II cases that have been corrected to a Class I 
relationship are likely to continue in a Class I pattern.     
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Figure 5-4. Mean changes in buccal segment relationship during treatment and 
during the posttreatment interval.   
Changes on right and left sides are averaged.  
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CHAPTER 6.    SUMMARY AND CONCLUSIONS 
 
 
This dental cast analysis evaluated the long-term dental changes in a 
homogeneous cohort of 30 female Class II subjects who had been treated without 
extraction of permanent teeth by a single, experienced orthodontist in a private practice 
setting.  Cases were treated with a straightwire appliance using a 0.022” X 0.028” bracket 
slot and MBT™ prescription.  The purpose of this study was to describe the amounts and 
types of long-term, posttreatment changes in these patients.  Dental casts were made at 
the start of treatment (mean age 13.1 years), the end of active treatment (mean age 16.1 
years), and at the long-term recall examination (mean age 28.3 years).  The average 
treatment time was 2.9 years, and the mean recall duration was 12.2 years after the end of 
active treatment.   The dental casts were measured to investigate changes in overbite, 
overjet, midline deviation, buccal segment relationships, canine relationships, incisor 
irregularity, arch chord lengths, curve of Spee, arch depths and arch widths.  Major 
findings were: 
 
 Overjet increased slightly after treatment (mean 0.7mm), but the mean overjet at the 
recall examination was within acceptable limits (mean 3.5 mm).  
 Overbite deepened after treatment.  About 1/3 of the treatment correction in overbite 
was lost during the posttreatment interval.  A relapse of 37% in the present sample 
was more favorable than percentages reported in previous studies.   
 Maxillary Incisor Irregularity was relatively stable (10% relapse), but 67% of 
treatment correction in lower incisor irregularity was lost during the recall interval.  
Little et al. (1981) found that less than 30% of cases maintain satisfactory mandibular 
alignment with an Irregularity Index of less than 3.5 mm at 10 years posttreatment.  
The present study found that 13 of the 30 cases (43%) had Incisor Irregularity of less 
than 3.5 mm at the recall examination.   
 Maxillary arch chords (1-3 and 1-6) were stable while mandibular 1-3 chord was 
unstable.  Nearly all of the treatment increase in mandibular 1-3 chord was lost during 
the posttreatment interval.   
 Curve of Spee correction during treatment was stable over the long-term with less 
than 10% of the correction deepening over time.   
 Although increased during treatment, maxillary arch widths were stable over the 
long-term.  The mandibular arch widths were less stable;  50% of mandibular 
intercanine expansion during treatment was lost over the long-term.  This was a 
similar finding to previous studies.   
 Buccal segment relationship and canine relationship improved from Class II toward 
Class I during treatment, and did not show relapse toward Class I over the long-term.  
In fact, the subjects continued to grow favorably toward a more class I relationship 
over the long-term.   
 
Managing posttreatment changes continues to be a significant challenge for 
orthodontists.  The maxillary arch fares better in stability than the mandibular arch.  
Stability of the lower incisors and lower 1-3 arch chord length seems difficult to achieve 
without permanent retention.  However, this study suggests that correction of Class II 
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molar and canine relationships towards a Class I relationship remains stable over the 
long-term.  Posttreatment changes in the occlusion are likely to occur, but the 
orthodontist should assess which dimensions are most likely to change so they can 
anticipate them and educate their patients accordingly.   
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Table A-1.   Descriptive statistics for overjet at each of the three examinations and 
between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 5.41 5.36 2.85 2.80 3.45 3.45 
Standard Dev 2.19 2.12 0.67 0.70 1.04 1.01 
Std Err Mean 0.40 0.39 0.12 0.13 0.19 0.19 
L2 6.23 6.15 3.11 3.07 3.84 3.83 
L1 4.59 4.56 2.60 2.54 3.06 3.07 
Sample Size 30 30 29 29 30 30 
 
 
 
 
Table A-2.   Descriptive statistics for overbite at each of the three examinations 
and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 4.36 4.31 2.55 2.52 3.19 3.27 
Standard Dev 1.78 1.95 0.69 0.76 1.15 1.19 
Std Err Mean 0.32 0.36 0.13 0.14 0.21 0.22 
L2 5.02 5.04 2.81 2.80 3.62 3.71 
L1 3.69 3.58 2.29 2.23 2.76 2.82 
Sample Size 30 30 29 29 30 30 
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Table A-3.   Descriptive statistics for midline deviation at each of the three 
examinations and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 0.01 0.07 -0.13 -0.16 0.12 0.10 
Standard Dev 1.58 1.54 0.60 0.55 0.81 0.80 
Std Err Mean 0.29 0.28 0.11 0.10 0.15 0.15 
L2 0.60 0.64 0.09 0.05 0.43 0.40 
L1 -0.58 -0.51 -0.36 -0.37 -0.18 -0.20 
Sample Size 30 30 29 29 30 30 
 
 
 
 
Table A-4 Descriptive statistics for BSR_R at each of the three examinations and 
between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean -2.70 -2.68 -0.42 -0.40 -0.15 -0.19 
Standard Dev 1.37 1.36 0.65 0.64 0.61 0.62 
Std Err Mean 0.25 0.25 0.13 0.12 0.12 0.12 
L2 -2.19 -2.17 -0.16 -0.15 0.10 0.05 
L1 -3.21 -3.19 -0.68 -0.65 -0.39 -0.43 
Sample Size 30 30 27 27 27 27 
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Table A-5.  Descriptive statistics for BSR_L at each of the three examinations and 
between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean -2.50 -2.49 -0.32 -0.32 0.00 -0.05 
Standard Dev 1.70 1.69 0.67 0.70 0.45 0.47 
Std Err Mean 0.31 0.31 0.13 0.13 0.08 0.09 
L2 -1.87 -1.87 -0.07 -0.05 0.17 0.13 
L1 -3.14 -3.12 -0.58 -0.59 -0.17 -0.23 
Sample Size 30 30 29 29 29 29 
 
 
 
 
Table A-6.  Descriptive statistics for Canine_R at each of the three examinations 
and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean -3.42 -3.53 -0.94 -0.94 -0.64 -0.62 
Standard Dev 1.40 1.37 0.78 0.68 0.60 0.59 
Std Err Mean 0.28 0.27 0.15 0.13 0.11 0.11 
L2 -2.84 -2.96 -0.65 -0.68 -0.42 -0.40 
L1 -4.00 -4.10 -1.24 -1.20 -0.87 -0.84 
Sample Size 25 25 29 29 30 30 
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Table A-7.  Descriptive statistics for Canine_L at each of the three examinations and 
between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean -3.49 -3.61 -1.16 -1.02 -1.01 -1.05 
Standard Dev 2.26 2.28 0.97 1.07 0.89 0.80 
Std Err Mean 0.45 0.47 0.18 0.20 0.16 0.15 
L2 -2.56 -2.64 -0.79 -0.61 -0.68 -0.76 
L1 -4.42 -4.57 -1.53 -1.43 -1.34 -1.35 
Sample Size 25.00 24.00 29 29 30 30 
 
 
 
 
Table A-8.A.  Descriptive statistics for Up_II_A at each of the three examinations 
and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 1.48 1.46 0.48 0.52 0.46 0.50 
Standard Dev 1.24 1.20 0.38 0.30 0.37 0.33 
Std Err Mean 0.24 0.24 0.07 0.06 0.07 0.06 
L2 1.98 1.95 0.62 0.63 0.60 0.62 
L1 0.98 0.98 0.33 0.40 0.32 0.38 
Sample Size 26 26 29 29 30 30 
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Table A-8.B.  Descriptive statistics for Up_II_B at each of the three examinations 
and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 1.45 1.43 0.21 0.26 0.44 0.50 
Standard Dev 1.15 1.11 0.40 0.32 0.49 0.49 
Std Err Mean 0.21 0.20 0.07 0.06 0.09 0.09 
L2 1.88 1.84 0.36 0.38 0.62 0.68 
L1 1.02 1.02 0.06 0.14 0.26 0.32 
Sample Size 30 30 29 29 30 30 
 
 
 
 
Table A-8.C.  Descriptive statistics for Up_II_C at each of the three examinations 
and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 0.92 0.91 0.10 0.13 0.36 0.38 
Standard Dev 0.62 0.55 0.22 0.22 0.50 0.41 
Std Err Mean 0.11 0.10 0.04 0.04 0.09 0.07 
L2 1.15 1.11 0.18 0.21 0.55 0.54 
L1 0.69 0.71 0.02 0.05 0.18 0.23 
Sample Size 30 30 29 29 30 30 
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Table A-8.D.  Descriptive statistics for Up_II_D at each of the three examinations 
and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 1.45 1.39 0.24 0.26 0.39 0.46 
Standard Dev 0.83 0.80 0.26 0.20 0.41 0.36 
Std Err Mean 0.15 0.15 0.05 0.04 0.08 0.07 
L2 1.76 1.69 0.33 0.34 0.54 0.60 
L1 1.14 1.10 0.14 0.18 0.23 0.33 
Sample Size 30 30 29 29 30 30 
 
 
 
 
Table A-8.E.  Descriptive statistics for Up_II_E at each of the three examinations 
and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 1.68 1.72 0.65 0.68 0.50 0.53 
Standard Dev 1.35 1.38 0.26 0.26 0.34 0.32 
Std Err Mean 0.27 0.28 0.05 0.05 0.06 0.06 
L2 2.24 2.28 0.76 0.78 0.63 0.65 
L1 1.12 1.15 0.55 0.59 0.38 0.41 
Sample Size 25 25 29 29 30 30 
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Table A-8.  Descriptive statistics for U_IncIrreg at each of the three examinations 
and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 6.92 6.86 1.68 1.85 2.17 2.38 
Standard Dev 3.25 3.17 0.79 0.84 1.01 1.03 
Std Err Mean 0.68 0.65 0.15 0.16 0.18 0.19 
L2 8.32 8.20 1.98 2.17 2.55 2.76 
L1 5.52 5.52 1.38 1.53 1.79 1.99 
Sample Size 23 24 29 29 30 30 
 
 
 
 
Table A-9.A.  Descriptive statistics for Lo_II_A at each of the three examinations 
and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 1.28 1.35 0.37 0.44 0.80 0.83 
Standard Dev 1.07 1.07 0.40 0.39 0.61 0.54 
Std Err Mean 0.20 0.20 0.07 0.07 0.11 0.10 
L2 1.68 1.76 0.53 0.59 1.03 1.03 
L1 0.87 0.94 0.22 0.29 0.57 0.63 
Sample Size 29 29 29 29 30 30 
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Table A-9.B.  Descriptive statistics for Lo_II_B at each of the three examinations 
and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 1.04 1.04 0.22 0.28 0.64 0.70 
Standard Dev 1.34 1.31 0.31 0.23 0.55 0.48 
Std Err Mean 0.24 0.24 0.06 0.04 0.10 0.09 
L2 1.54 1.53 0.34 0.37 0.85 0.88 
L1 0.54 0.55 0.10 0.19 0.43 0.52 
Sample Size 30 30 29 29 30 30 
 
 
 
 
Table A-9.C.  Descriptive statistics for Lo_II_C at each of the three examinations 
and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 0.66 0.68 0.21 0.23 0.89 0.83 
Standard Dev 0.54 0.52 0.31 0.29 0.73 0.61 
Std Err Mean 0.10 0.10 0.06 0.05 0.13 0.11 
L2 0.86 0.87 0.32 0.34 1.16 1.06 
L1 0.46 0.48 0.09 0.12 0.61 0.61 
Sample Size 30 30 29 29 30 30 
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Table A-9.D.  Descriptive statistics for Lo_II_D at each of the three examinations 
and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 0.58 0.65 0.10 0.15 0.66 0.66 
Standard Dev 0.57 0.51 0.20 0.20 0.62 0.54 
Std Err Mean 0.10 0.09 0.04 0.04 0.11 0.10 
L2 0.79 0.84 0.17 0.23 0.89 0.86 
L1 0.37 0.46 0.02 0.08 0.43 0.45 
Sample Size 30 30 29 29 30 30 
 
 
 
 
Table A-9.E.  Descriptive statistics for Lo_II_E at each of the three examinations 
and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 1.17 1.23 0.32 0.39 0.67 0.70 
Standard Dev 0.78 0.78 0.41 0.38 0.69 0.62 
Std Err Mean 0.15 0.15 0.08 0.07 0.13 0.11 
L2 1.48 1.53 0.47 0.53 0.92 0.93 
L1 0.87 0.93 0.16 0.24 0.41 0.47 
Sample Size 28 28 29 29 30 30 
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Table A-9.  Descriptive statistics for L_IncIrreg at each of the three examinations 
and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 4.24 4.47 1.21 1.48 3.65 3.72 
Standard Dev 1.25 1.33 0.93 0.93 2.18 1.83 
Std Err Mean 0.24 0.26 0.17 0.17 0.40 0.33 
L2 4.74 5.00 1.57 1.84 4.47 4.40 
L1 3.75 3.94 0.86 1.13 2.84 3.03 
Sample Size 27 27 29 29 30 30 
 
 
 
 
Table A-10.  Descriptive statistics for UChord R_1-3 at each of the three 
examinations and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 21.54 21.54 22.31 22.20 21.98 21.95 
Standard Dev 1.22 1.20 1.10 1.15 1.09 1.13 
Std Err Mean 0.22 0.22 0.20 0.21 0.20 0.21 
L2 21.99 21.98 22.73 22.63 22.39 22.38 
L1 21.08 21.09 21.90 21.76 21.58 21.53 
Sample Size 30 30 29 29 30 30 
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Table A-11.  Descriptive statistics for UChord L_1-3 at each of the three examinations 
and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 21.48 21.49 22.21 22.18 22.07 22.06 
Standard Dev 1.09 1.08 0.97 0.98 1.00 0.97 
Std Err Mean 0.20 0.20 0.18 0.18 0.18 0.18 
L2 21.88 21.90 22.58 22.55 22.45 22.42 
L1 21.07 21.09 21.84 21.80 21.70 21.70 
Sample Size 30 30 29 29 30 30 
 
 
 
 
Table A-12.  Descriptive statistics for UChord R_1-6 at each of the three 
examinations and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 43.71 43.69 43.58 43.29 42.98 42.94 
Standard Dev 2.35 2.33 1.74 2.13 1.83 1.82 
Std Err Mean 0.43 0.43 0.34 0.40 0.35 0.35 
L2 44.59 44.56 44.27 44.12 43.70 43.66 
L1 42.83 42.82 42.89 42.46 42.26 42.22 
Sample Size 30 30 27 28 27 27 
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Table A-13.  Descriptive statistics for UChord L_1-6 at each of the three 
examinations and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 43.80 43.78 43.48 43.47 43.14 43.14 
Standard Dev 2.32 2.36 1.60 1.56 1.64 1.63 
Std Err Mean 0.42 0.43 0.30 0.29 0.31 0.30 
L2 44.66 44.66 44.09 44.06 43.77 43.76 
L1 42.93 42.90 42.87 42.88 42.52 42.51 
Sample Size 30 30 29 29 29 29 
 
 
 
 
Table A-14.  Descriptive statistics for LChord Rt_1-3 at each of the three 
examinations and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 16.46 16.41 17.14 17.11 16.47 16.46 
Standard Dev 0.80 0.81 0.71 0.72 0.79 0.75 
Std Err Mean 0.15 0.15 0.13 0.13 0.14 0.14 
L2 16.76 16.71 17.41 17.39 16.76 16.74 
L1 16.17 16.11 16.87 16.84 16.17 16.18 
Sample Size 30 30 29 29 30 30 
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Table A-15.  Descriptive statistics for LChord L_1-3 at each of the three 
examinations and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 16.47 17.87 17.19 17.18 16.65 16.61 
Standard Dev 1.14 8.14 0.79 0.77 0.78 0.77 
Std Err Mean 0.21 1.49 0.15 0.14 0.14 0.14 
L2 16.90 20.91 17.49 17.47 16.94 16.90 
L1 16.04 14.83 16.89 16.88 16.36 16.32 
Sample Size 30 30 29 29 30 30 
 
 
 
 
Table A-16.  Descriptive statistics for LChord R_1-6 at each of the three 
examinations and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 39.65 39.63 39.40 39.39 38.54 38.44 
Standard Dev 2.00 1.96 1.54 1.55 1.41 1.42 
Std Err Mean 0.37 0.36 0.29 0.29 0.26 0.26 
L2 40.40 40.36 39.99 39.98 39.08 38.98 
L1 38.91 38.90 38.82 38.80 38.01 37.90 
Sample Size 30 30 29 29 29 29 
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Table A-17.  Descriptive statistics for LChord L_1-6 at each of the three 
examinations and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 39.96 39.95 39.60 39.59 38.72 38.67 
Standard Dev 2.08 2.04 1.63 1.55 1.65 1.62 
Std Err Mean 0.38 0.37 0.30 0.29 0.30 0.30 
L2 40.74 40.71 40.22 40.18 39.34 39.27 
L1 39.19 39.18 38.98 39.00 38.11 38.07 
Sample Size 30 30 29 29 30 30 
 
 
 
 
Table A-18.  Descriptive statistics for U_ArchDepth at each of the three 
examinations and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 38.69 38.59 37.98 38.05 37.37 37.44 
Standard Dev 2.65 2.52 2.13 2.15 1.86 1.80 
Std Err Mean 0.48 0.46 0.40 0.41 0.35 0.34 
L2 39.67 39.53 38.81 38.88 38.09 38.14 
L1 37.70 37.65 37.16 37.22 36.65 36.74 
Sample Size 30 30 28 28 28 28 
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Table A-19.  Descriptive statistics for L_ArchDepth at each of the three 
examinations and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 33.67 33.65 33.64 33.58 32.46 32.45 
Standard Dev 2.30 2.23 1.82 1.60 1.52 1.48 
Std Err Mean 0.42 0.41 0.34 0.30 0.28 0.28 
L2 34.52 34.48 34.33 34.19 33.02 33.01 
L1 32.81 32.81 32.95 32.98 31.89 31.89 
Sample Size 30 30 29 29 30 29 
 
 
 
 
Table A-20.  Descriptive statistics for C_Spee_R at each of the three examinations 
and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 1.98 1.90 1.02 1.00 1.11 1.09 
Standard Dev 0.82 0.82 0.58 0.50 0.54 0.48 
Std Err Mean 0.15 0.15 0.11 0.09 0.10 0.09 
L2 2.28 2.20 1.24 1.19 1.31 1.27 
L1 1.67 1.59 0.80 0.81 0.90 0.91 
Sample Size 30 30 29 29 30 29 
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Table A-21.  Descriptive statistics for C_Spee_L at each of the three examinations 
and between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 1.75 1.78 0.79 0.86 0.89 0.99 
Standard Dev 0.74 0.75 0.58 0.51 0.54 0.49 
Std Err Mean 0.13 0.14 0.11 0.09 0.10 0.09 
L2 2.03 2.06 1.01 1.05 1.09 1.17 
L1 1.48 1.50 0.57 0.66 0.68 0.80 
Sample Size 30 30 29 29 29 29 
 
 
 
 
Table A-22.  Descriptive statistics for Mx_3-3 at each of the three examinations and 
between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 36.49 36.48 38.41 38.39 37.98 37.97 
Standard Dev 1.87 1.84 1.45 1.46 1.66 1.71 
Std Err Mean 0.34 0.34 0.27 0.27 0.30 0.31 
L2 37.19 37.17 38.96 38.94 38.60 38.61 
L1 35.79 35.79 37.85 37.83 37.36 37.33 
Sample Size 30 30 29 29 30 30 
 
 
 
 
98 
Table A-23.  Descriptive statistics for Mx_4-4 at each of the three examinations and 
between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 42.05 42.06 45.17 45.15 44.40 44.41 
Standard Dev 1.86 1.88 1.66 1.68 1.90 1.92 
Std Err Mean 0.34 0.34 0.31 0.32 0.35 0.36 
L2 42.75 42.77 45.81 45.80 45.12 45.14 
L1 41.36 41.36 44.53 44.50 43.68 43.68 
Sample Size 30 30 28 28 29 29 
 
 
 
 
Table A-24.  Descriptive statistics for Mx_5-5 at each of the three examinations and 
between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 47.29 47.28 49.63 49.65 49.29 49.28 
Standard Dev 2.10 2.07 1.93 1.92 2.20 2.21 
Std Err Mean 0.38 0.38 0.36 0.36 0.41 0.41 
L2 48.08 48.05 50.36 50.38 50.13 50.12 
L1 46.51 46.51 48.90 48.92 48.45 48.44 
Sample Size 30 30 29 29 29 29 
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Table A-25.  Descriptive statistics for Mx_6-6 at each of the three examinations and 
between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 53.38 53.38 54.30 54.26 54.43 54.45 
Standard Dev 2.08 2.08 1.96 1.97 2.35 2.32 
Std Err Mean 0.38 0.38 0.36 0.37 0.44 0.43 
L2 54.16 54.16 55.05 55.01 55.32 55.33 
L1 52.60 52.61 53.56 53.51 53.53 53.57 
Sample Size 30 30 29 29 29 29 
 
 
 
 
Table A-26.  Descriptive statistics for Md_3-3 at each of the three examinations and 
between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 29.51 29.52 31.13 31.15 30.34 30.32 
Standard Dev 1.85 1.84 1.15 1.14 1.28 1.28 
Std Err Mean 0.34 0.34 0.21 0.21 0.23 0.23 
L2 30.21 30.21 31.57 31.59 30.82 30.80 
L1 28.82 28.83 30.69 30.72 29.86 29.84 
Sample Size 30 30 29 29 30 30 
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Table A-27.  Descriptive statistics for Md_4-4 at each of the three examinations and 
between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 37.33 37.34 39.72 39.69 38.90 38.87 
Standard Dev 2.32 2.31 1.43 1.43 1.52 1.48 
Std Err Mean 0.42 0.42 0.26 0.27 0.28 0.27 
L2 38.19 38.20 40.26 40.23 39.47 39.42 
L1 36.46 36.48 39.17 39.14 38.34 38.32 
Sample Size 30 30 29 29 30 30 
 
 
 
 
Table A-28.  Descriptive statistics for Md_5-5 at each of the three examinations and 
between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 43.89 43.86 45.65 45.61 44.86 44.86 
Standard Dev 2.56 2.55 1.64 1.60 1.88 1.85 
Std Err Mean 0.47 0.47 0.31 0.30 0.34 0.34 
L2 44.84 44.81 46.27 46.22 45.56 45.55 
L1 42.93 42.91 45.02 45.00 44.16 44.17 
Sample Size 30 30 29 29 30 30 
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Table A-29.   Descriptive statistics for Md_6-6 at each of the three examinations and 
between measurement sessions (T1 and T2). 
 
 Pretreatment Posttreatment Recall 
 Examination Examination Examination 
 Statistic T1 T2 T1 T2 T1 T2 
Mean 51.23 51.24 51.80 51.87 51.96 51.96 
Standard Dev 2.45 2.41 1.89 1.91 2.20 2.19 
Std Err Mean 0.45 0.44 0.35 0.35 0.41 0.41 
L2 52.15 52.15 52.52 52.60 52.80 52.79 
L1 50.31 50.34 51.08 51.15 51.13 51.13 
Sample Size 30 30 29 29 29 29 
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APPENDIX B.    TABLES OF DESCRIPTIVE STATISTICS FOR THE THREE 
EXAMINATIONS AND TESTS OF SIGNIFICANCE FOR THE INTER-
EXAMINATION CHANGES AND FIGURES OF POSTTREATMENT 
CHANGES USING ONE-MILLIMETER INTERVALS 
 
 
 
103 
Table B-1.  Descriptive statistics for the three examinations and tests of significance 
for the inter-examination changes for Overjet. 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 5.38 2.83 3.45 change -2.46 0.61 
sd 2.16 0.68 1.03 sem 0.36 0.20 
sem 0.39 0.13 0.19 n 29 29 
L2 6.19 3.09 3.83 t-ratio -6.80 2.99 
L1 4.58 2.57 3.07 P value < 0.0001 0.0057 
n 30 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-1.  Posttreatment change of Overjet using one-millimeter intervals.  
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Table B-2.  Descriptive statistics for the three examinations and tests of significance 
for the inter-examination changes for Overbite. 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 4.33 2.53 3.23 change -1.85 0.69 
sd 1.86 0.72 1.17 sem 0.32 0.19 
sem 0.34 0.13 0.21 n 29 29 
L2 5.03 2.80 3.67 t-ratio -5.81 3.71 
L1 3.64 2.26 2.79 P value < 0.0001 0.0009 
n 30 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-2.  Posttreatment change of Overbite using one-millimeter intervals. 
 
 
 
105 
Table B-3.  Descriptive statistics for the three examinations and tests of significance 
for the inter-examination changes for Midline Deviation.  
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 0.04 -0.15 0.11 change -0.24 0.31 
sd 1.56 0.57 0.80 sem 0.27 0.11 
sem 0.28 0.11 0.15 n 29 29 
L2 0.62 0.07 0.41 t-ratio -0.92 2.67 
L1 -0.54 -0.36 -0.19 P value 0.3672 0.0125 
n 30 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-3.  Posttreatment change of Midline Deviation using one-millimeter 
intervals.   
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Table B-4.  Descriptive statistics for the three examinations and tests of significance 
for the inter-examination changes for Buccal Segment relationship (right side). 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean -2.69 -0.41 -0.17 change 2.33 0.25 
sd 1.36 0.64 0.61 sem 0.27 0.09 
sem 0.25 0.12 0.12 n 27 26 
L2 -2.18 -0.15 0.07 t-ratio 8.76 2.77 
L1 -3.20 -0.66 -0.41 P value < 0.0001 0.0104 
n 30 27 27    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-4.  Posttreatment change of Buccal Segment relationship (right side) using 
one-millimeter intervals 
 
.  
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Table B-5.  Descriptive statistics for the three examinations and tests of significance 
for the inter-examination changes for Buccal Segment relationship (left side). 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean -2.50 -0.32 -0.02 change 2.22 0.31 
sd 1.69 0.68 0.46 sem 0.26 0.11 
sem 0.31 0.13 0.08 n 29 28 
L2 -1.87 -0.06 0.15 t-ratio 8.50 2.77 
L1 -3.13 -0.58 -0.20 P value < 0.0001 0.0099 
n 30 29 29    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-5.  Posttreatment change of Buccal Segment relationship (left side) using 
one-millimeter intervals.   
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Table B-6.  Descriptive statistics for the three examinations and tests of significance 
for the inter-examination changes for Canine relationship (right side). 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean -3.47 -0.94 -0.63 change 2.42 0.29 
sd 1.37 0.73 0.59 sem 0.30 0.11 
sem 0.27 0.14 0.11 n 24 29 
L2 -2.91 -0.67 -0.41 t-ratio 8.15 2.53 
L1 -4.04 -1.22 -0.85 P value < 0.0001 0.0175 
n 25 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-6.  Posttreatment change of Canine relationship (right side) using one-
millimeter intervals.   
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Table B-7.  Descriptive statistics for the three examinations and tests of significance 
for the inter-examination changes for Canine relationship (left side). 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean -3.53 -1.09 -1.03 change 2.40 0.07 
sd 2.25 0.97 0.84 sem 0.38 0.21 
sem 0.45 0.18 0.15 n 25 29 
L2 -2.60 -0.72 -0.72 t-ratio 6.37 0.32 
L1 -4.46 -1.46 -1.35 P value < 0.0001 0.7527 
n 25 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-7.  Posttreatment change of Canine relationship (left side) using one-
millimeter intervals.   
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Table B-8.  Descriptive statistics for the three examinations and tests of significance 
for the inter-examination changes for Upper Incisor Irregularity. 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 6.68 1.76 2.28 change -5.01 0.52 
sd 3.16 0.78 0.96 sem 0.67 0.17 
sem 0.63 0.14 0.17 n 24 29 
L2 7.98 2.05 2.64 t-ratio -7.49 3.05 
L1 5.38 1.46 1.93 P value < 0.0001 0.0050 
n 25 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-8.  Posttreatment change of Upper Incisor Irregularity using one-
millimeter intervals. 
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Table B-9.  Descriptive statistics for the three examinations and tests of significance 
for the inter-examination changes for Lower Incisor Irregularity. 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 4.79 1.37 3.70 change -3.43 2.41 
sd 2.22 0.91 1.83 sem 0.44 0.35 
sem 0.42 0.17 0.33 n 28 29 
L2 5.65 1.72 4.38 t-ratio -7.82 6.97 
L1 3.93 1.02 3.01 P value < 0.0001 < 0.0001 
n 28 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-9.  Posttreatment change of Lower Incisor Irregularity using one-
millimeter intervals. 
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Table B-10.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Upper Incisor-to-Canine chord 
(right side). 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 21.52 22.25 21.95 change 0.68 -0.28 
sd 1.23 1.09 1.12 sem 0.15 0.07 
sem 0.22 0.20 0.20 n 29 29 
L2 21.98 22.67 22.37 t-ratio 4.61 -3.91 
L1 21.06 21.84 21.53 P value < 0.0001 0.0005 
n 30 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-10.  Posttreatment change of Upper Incisor-to-Canine chord (right side)  
using one-millimeter intervals. 
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Table B-11.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Upper Incisor-to-Canine chord 
(left side). 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 21.48 22.19 22.07 change 0.67 -0.11 
sd 1.08 0.97 0.98 sem 0.12 0.09 
sem 0.20 0.18 0.18 n 29 29 
L2 21.89 22.56 22.43 t-ratio 5.46 -1.12 
L1 21.08 21.82 21.70 P value < 0.0001 0.2704 
n 30 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-11.  Posttreatment change of Upper Incisor-to-Canine chord (left side) 
using one-millimeter intervals. 
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Table B-12.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Upper Incisor-to-Molar chord 
(right side). 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 43.70 43.54 42.94 change -0.29 -0.58 
sd 2.32 1.76 1.84 sem 0.29 0.12 
sem 0.42 0.34 0.35 n 27 26 
L2 44.56 44.24 43.67 t-ratio -1.01 -4.97 
L1 42.83 42.85 42.22 P value 0.3241 < 0.0001 
n 30 27 27    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-12.  Posttreatment change of Upper Incisor-to-Molar chord (right side) 
using one-millimeter intervals.  
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Table B-13.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Upper Incisor-to-Molar chord 
(left side). 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 43.79 43.48 43.14 change -0.35 -0.31 
sd 2.34 1.58 1.64 sem 0.34 0.15 
sem 0.43 0.29 0.30 n 29 28 
L2 44.66 44.08 43.76 t-ratio -1.02 -2.10 
L1 42.92 42.88 42.52 P value 0.3174 0.0450 
n 30 29 29    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-13.  Posttreatment change of Upper Incisor-to-Molar chord (left side) 
using one-millimeter intervals.  
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Table B-14.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Lower Incisor-to-Canine chord 
(right side). 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 16.40 17.08 16.45 change 0.62 -0.62 
sd 0.81 0.67 0.75 sem 0.11 0.09 
sem 0.15 0.13 0.14 n 29 29 
L2 16.70 17.33 16.73 t-ratio 5.92 -6.74 
L1 16.09 16.82 16.17 P value < 0.0001 < 0.0001 
n 30 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-14.  Posttreatment change of Lower Incisor-to-Canine chord (right side) 
using one-millimeter intervals. 
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Table B-15.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Lower Incisor-to-Canine chord 
(left side). 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 16.40 17.13 16.62 change 0.69 -0.49 
sd 1.18 0.77 0.76 sem 0.21 0.10 
sem 0.21 0.14 0.14 n 29 29 
L2 16.84 17.43 16.91 t-ratio 3.29 -4.94 
L1 15.96 16.84 16.34 P value 0.0027 < 0.0001 
n 30 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-15.  Posttreatment change of Lower Incisor-to-Canine chord (left side) 
using one-millimeter intervals. 
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Table B-16.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Lower Incisor-to-Molar chord 
(right side). 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 39.60 39.38 38.45 change -0.33 -0.93 
sd 1.99 1.54 1.40 sem 0.24 0.13 
sem 0.36 0.29 0.26 n 29 28 
L2 40.35 39.97 38.98 t-ratio -1.40 -7.09 
L1 38.86 38.80 37.92 P value 0.1735 < 0.0001 
n 30 29 29    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-16.  Posttreatment change of Lower Incisor-to-Molar chord (right side) 
using one-millimeter intervals.  
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Table B-17.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Lower Incisor-to-Molar chord 
(left side). 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 39.96 39.58 38.70 change -0.48 -0.83 
sd 2.06 1.61 1.63 sem 0.26 0.14 
sem 0.38 0.30 0.30 n 29 29 
L2 40.72 40.20 39.31 t-ratio -1.88 -5.88 
L1 39.19 38.97 38.09 P value 0.0708 < 0.0001 
n 30 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-17.  Posttreatment change of Lower Incisor-to-Molar chord (left side) 
using one-millimeter intervals.   
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Table B-18.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Maxillary Arch Depth. 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 38.64 38.02 37.41 change -0.61 -0.69 
sd 2.57 2.13 1.82 sem 0.34 0.16 
sem 0.47 0.40 0.34 n 28 27 
L2 39.60 38.84 38.11 t-ratio -1.81 -4.41 
L1 37.68 37.19 36.70 P value 0.0819 0.0002 
n 30 28 28    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-18.  Posttreatment change of Maxillary Arch Depth using one-millimeter 
intervals.   
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Table B-19.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Mandibular Arch Depth. 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 33.66 33.61 32.44 change -0.15 -1.13 
sd 2.25 1.69 1.48 sem 0.27 0.18 
sem 0.41 0.31 0.27 n 29 29 
L2 34.50 34.25 32.99 t-ratio -0.54 -6.15 
L1 32.82 32.97 31.89 P value 0.5959 < 0.0001 
n 30 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-19.  Posttreatment change of Mandibular Arch Depth using one-millimeter 
intervals.  
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Table B-20.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Curve of Spee (right side). 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 1.94 1.01 1.11 change -0.94 0.13 
sd 0.81 0.52 0.51 sem 0.15 0.10 
sem 0.15 0.10 0.09 n 29 29 
L2 2.24 1.21 1.30 t-ratio -6.13 1.30 
L1 1.64 0.81 0.92 P value < 0.0001 0.2055 
n 30 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-20.  Posttreatment change of Curve of Spee (right side) using one-
millimeter intervals.  
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Table B-21.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Curve of Spee (left side). 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 1.79 0.84 1.00 change -0.98 0.18 
sd 0.73 0.52 0.47 sem 0.17 0.08 
sem 0.13 0.10 0.09 n 29 28 
L2 2.07 1.04 1.17 t-ratio -5.73 2.36 
L1 1.52 0.64 0.82 P value < 0.0001 0.0258 
n 30 29 29    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-21.  Posttreatment change of Curve of Spee (left side) using one-millimeter 
intervals.   
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Table B-22.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Mx_3-3. 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 36.49 38.40 37.97 change 1.87 -0.37 
sd 1.86 1.45 1.68 sem 0.30 0.13 
sem 0.34 0.27 0.31 n 29 29 
L2 37.18 38.95 38.60 t-ratio 6.20 -2.88 
L1 35.79 37.84 37.35 P value < 0.0001 0.0075 
n 30 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-22.  Posttreatment change of Mx_3-3 using one-millimeter intervals. 
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Table B-23.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Mx_4-4. 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 42.06 45.16 44.41 change 3.07 -0.70 
sd 1.87 1.67 1.91 sem 0.29 0.19 
sem 0.34 0.32 0.35 n 28 28 
L2 42.76 45.81 45.13 t-ratio 10.64 -3.77 
L1 41.36 44.51 43.68 P value < 0.0001 0.0008 
n 30 28 29    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-23.  Posttreatment change of Mx_4-4 using one-millimeter intervals.  
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Table B-24.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Mx_5-5. 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 47.29 49.64 49.28 change 2.22 -0.25 
sd 2.08 1.92 2.20 sem 0.32 0.18 
sem 0.38 0.36 0.41 n 29 28 
L2 48.06 50.37 50.12 t-ratio 6.90 -1.36 
L1 46.51 48.91 48.44 P value < 0.0001 0.1859 
n 30 29 29    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-24.  Posttreatment change of Mx_5-5 using one-millimeter intervals.   
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Table B-25.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Mx_6-6. 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 53.38 54.28 54.44 change 0.76 0.34 
sd 2.08 1.96 2.34 sem 0.29 0.15 
sem 0.38 0.36 0.43 n 29 28 
L2 54.16 55.03 55.33 t-ratio 2.64 2.24 
L1 52.60 53.53 53.55 P value 0.0135 0.0332 
n 30 29 29    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-25.  Posttreatment change of Mx_6-6 using one-millimeter intervals.   
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Table B-26.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Md_3-3. 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 29.52 31.14 30.33 change 1.57 -0.78 
sd 1.85 1.15 1.28 sem 0.29 0.14 
sem 0.34 0.21 0.23 n 29 29 
L2 30.21 31.58 30.81 t-ratio 5.35 -5.67 
L1 28.83 30.70 29.85 P value < 0.0001 < 0.0001 
n 30 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-26.  Posttreatment change of Md_3-3 using one-millimeter intervals.   
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Table B-27.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Md_4-4. 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 37.33 39.70 38.89 change 2.31 -0.78 
sd 2.31 1.43 1.50 sem 0.37 0.21 
sem 0.42 0.27 0.27 n 29 29 
L2 38.20 40.25 39.45 t-ratio 6.32 -3.78 
L1 36.47 39.16 38.33 P value < 0.0001 0.0008 
n 30 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-27.  Posttreatment change of Md_4-4 using one-millimeter intervals.   
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Table B-28.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Md_5-5. 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 43.88 45.63 44.85 change 1.64 -0.73 
sd 2.54 1.62 1.87 sem 0.31 0.19 
sem 0.46 0.30 0.34 n 29 29 
L2 44.82 46.24 45.55 t-ratio 5.23 -3.93 
L1 42.93 45.01 44.15 P value < 0.0001 0.0005 
n 30 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-28.  Posttreatment change of Md_5-5 using one-millimeter intervals. 
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Table B-29.  Descriptive statistics for the three examinations and tests of 
significance for the inter-examination changes for Md_6-6. 
 
 Pre- Post-   Treatment Post-TX 
Statistic TX TX Recall Statistic Change Change 
mean 51.24 51.84 51.96 change 0.47 0.19 
sd 2.43 1.90 2.19 sem 0.24 0.17 
sem 0.44 0.35 0.41 n 29 28 
L2 52.15 52.56 52.80 t-ratio 1.95 1.16 
L1 50.33 51.11 51.13 P value 0.0609 0.2549 
n 30 29 30    
 
 
 
 
 
One-Millimeter Intervals 
 
 
Figure B-29.  Posttreatment change of Md_6-6 using one-millimeter intervals. 
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APPENDIX C.    BIVARATE PLOTS OF MEAN SIZE OF EACH VARIABLE 
PLOTTED AGAINST MEAN AGE AT EACH EXAMINATION 
 
 
NOTE:   The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size.  
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Figure C-1.  Bivariate plot of mean size for overjet plotted against mean age at each 
examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
 
 
134 
 
 
 
Figure C-2.  Bivariate plot of mean size for overbite plotted against mean age at 
each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-3.  Bivariate plot of mean size for midline deviation plotted against mean 
age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-4.  Bivariate plot of mean size for buccal segment relationship, right side, 
plotted against mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-5.  Bivariate plot of mean size for buccal segment relationship, left side, 
plotted against mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-6.  Bivariate plot of mean size for canine relationship, right side, plotted 
against mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-7.  Bivariate plot of mean size for canine relationship, left side, plotted 
against mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-8.  Bivariate plot of mean size for upper incisor irregularity plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-9.  Bivariate plot of mean size for lower incisor irregularity plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-10.  Bivariate plot of mean size for upper right 1-3 chord plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-11.  Bivariate plot of mean size for upper left 1-3 chord plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-12.  Bivariate plot of mean size for upper right 1-6 chord plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-13.  Bivariate plot of mean size for upper left 1-6 chord plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-14.  Bivariate plot of mean size for lower right 1-3 chord plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-15.  Bivariate plot of mean size for lower left 1-3 chord plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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against mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-17.  Bivariate plot of mean size for lower left 1-6 chord plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-18.  Bivariate plot of mean size for maxillary arch depth plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-19.  Bivariate plot of mean size for mandibular arch depth plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-20.  Bivariate plot of mean size for curve of spee, right side, plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-21.  Bivariate plot of mean size for curve of spee, left side, plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-22.  Bivariate plot of mean size for maxillary 3-3 width plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-23.  Bivariate plot of mean size for maxillary 4-4 width plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
 
 
156 
 
 
 
Figure C-24.  Bivariate plot of mean size for maxillary 5-5 width plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-25.  Bivariate plot of mean size for maxillary 6-6 width plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-26.  Bivariate plot of mean size for mandibular 3-3 width plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-27.  Bivariate plot of mean size for mandibular 4-4 width plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-28.  Bivariate plot of mean size for mandibular 5-5 width plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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Figure C-29.  Bivariate plot of mean size for mandibular 6-6 width plotted against 
mean age at each examination.   
The three examinations are pretreatment, end of treatment, and long-term recall 
examination.  T1 and T2 are the double determinations of size. 
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APPENDIX D.    PLOTS OF INDIVIDUAL SUBJECTS’ RESPONSES FOR EACH 
VARIABLE MEASURED AT THE THREE EXAMINATION PERIODS: 
PRETREATMENT, END OF TREATMENT, AND LONG-TERM RECALL 
EXAMINATION 
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Figure D-1.  Plot of individual changes of overjet at pretreatment, posttreatment 
and recall examinations.    
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Figure D-2.  Plot of individual changes of overbite at pretreatment, posttreatment 
and recall examinations.    
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Figure D-3.  Plot of individual changes of midline deviation at pretreatment, 
posttreatment and recall examinations. 
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Figure D-4.  Plot of individual changes of buccal segment relationship (right side) at 
pretreatment, posttreatment and recall examinations. 
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Figure D-5.  Plot of individual changes of buccal segment relationship (left side) at 
pretreatment, posttreatment and recall examinations. 
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Figure D-6.  Plot of individual changes of canine relationship (right side) at 
pretreatment, posttreatment and recall examinations. 
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Figure D-7.  Plot of individual changes of canine relationship (leftt side) at 
pretreatment, posttreatment and recall examinations. 
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Figure D-8.  Plot of individual changes of maxillary Incisor Irregularity at 
pretreatment, posttreatment and recall examinations. 
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Figure D-9.  Plot of individual changes of mandibular Incisor Irregularity at 
pretreatment, posttreatment and recall examinations. 
 
 
172 
 
 
Figure D-10.  Plot of individual changes of maxillary 1-3 chord (right side) at 
pretreatment, posttreatment and recall examinations. 
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Figure D-11.  Plot of individual changes of maxillary 1-3 chord (left side) at 
pretreatment, posttreatment and recall examinations. 
 
 
174 
 
 
Figure D-12.  Plot of individual changes of maxillary 1-6 chord (right side) at 
pretreatment, posttreatment and recall examinations. 
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Figure D-13.  Plot of individual changes of maxillary 1-6 chord (left side) at 
pretreatment, posttreatment and recall examinations. 
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Figure D-14.  Plot of individual changes of mandibular 1-3 chord (right side) at 
pretreatment, posttreatment and recall examinations. 
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Figure D-15.  Plot of individual changes of mandibular 1-3 chord (left side) at 
pretreatment, posttreatment and recall examinations. 
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Figure D-16.  Plot of individual changes of mandibular 1-6 chord (right side) at 
pretreatment, posttreatment and recall examinations. 
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Figure D-17. Plot of individual changes of mandibular 1-6 chord (left side) at 
pretreatment, posttreatment and recall examinations. 
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Figure D-18.  Plot of individual changes of maxillary arch depth at pretreatment, 
posttreatment and recall examinations. 
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Figure D-19.  Plot of individual changes of mandibular arch depth at pretreatment, 
posttreatment and recall examinations. 
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Figure D-20.  Plot of individual changes of curve of Spee (right side) at 
pretreatment, posttreatment and recall examinations. 
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Figure D-21.  Plot of individual changes of curve of Spee (left side) at pretreatment, 
posttreatment and recall examinations. 
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Figure D-22.  Plot of individual changes of maxillary 3-3 width at pretreatment, 
posttreatment and recall examinations. 
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Figure D-23.  Plot of individual changes of maxillary 4-4 width at pretreatment, 
posttreatment and recall examinations. 
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Figure D-24.  Plot of individual changes of maxillary 5-5 width at pretreatment, 
posttreatment and recall examinations. 
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Figure D-25.  Plot of individual changes of maxillary 6-6 width at pretreatment, 
posttreatment and recall examinations. 
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Figure D-26.  Plot of individual changes of mandibular 3-3 width at pretreatment, 
posttreatment and recall examinations. 
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Figure D-27.  Plot of individual changes of mandibular 4-4 width at pretreatment, 
posttreatment and recall examinations. 
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Figure D-28.  Plot of individual changes of mandibular 5-5 width at pretreatment, 
posttreatment and recall examinations. 
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Figure D-29.  Plot of individual changes of mandibular 6-6width at pretreatment, 
posttreatment and recall examinations.  
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APPENDIX E.    PHOTOGRAPHS OF SELECT CASES EXHIBITING POOR 
LONG-TERM STABILITY AND GOOD LONG-TERM STABILITY 
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Figure E-1.  Patient JM at pretreatment (left), posttreatment (middle) and long-term recall (right) examinations.  
Exhibits poor long-term stability with relapse of lower incisor irregularity and lower intercanine width.   
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Figure E-2.  Patient TD at pretreatment (left), posttreatment (middle) and long-term recall (right) examinations.  
Exhibits poor long-term stability with relapse of upper and lower incisor irregularity and lower intercanine width. 
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Figure E-3.  Patient MD at pretreatment (left), posttreatment (middle) and long-term recall (right) examinations.  
Exhibits poor long-term stability with relapse of upper and lower incisor irregularity and tooth-loss due to 
extensive caries. 
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Figure E-4.  Patient DW at pretreatment (left), posttreatment (middle) and long-term recall (right) examinations.  
Exhibits fair long-term stability with relapse of upper incisor irregularity but stable lower incisor irregularity.   
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Figure E-5.  Patient JW at pretreatment (left), posttreatment (middle) and long-term recall (right) examinations.  
Exhibits good long-term stability.   
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Figure E-6.  Patient KC at pretreatment (left), posttreatment (middle) and long-term recall (right) examinations.  
Exhibits good long-term stability.   
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Figure E-7.  Patient KC at pretreatment (left), posttreatment (middle) and long-term recall (right) examinations.  
Exhibits good long-term stability. 
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Figure E-8.  Patient SV at pretreatment (left), posttreatment (middle) and long-term recall (right) examinations.  
Exhibits good long-term stability. 
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